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The sigma{S) (RpoS) subunit of RNA polymerase is the master 
regulator of the general stress response in Escherichia coli and related 
bacteria. While rapidly growing cells contain very little sigma(S), 
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The environment of 5S rRNA in the ribosome : cross-links to 23S rRNA from 
sites within helices II and III of the 5S molecule. 
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Three contiguous fragments of Escherichia coli 5S rRNA were prepared by 
T7 transcription from synthetic DNA templates. The central fragment, 
comprising residues 33-71 of the molecule, was transcribed in the presence 
of 4-thiouridine triphosphate together with [32P]UTP. The three transcripts 
were ligated together, yielding a 5S rRNA analogue carrying 
4-thiouridine residues at positions 40, 48, 55 and 65 in helices II and 
III. After ligation, the 4-thiouridine residues were derivatised with p 
-azidophenacyl bromide. The modified 5S rRNA was reconstituted into SOS 
subunits and these subunits were used to prepare 7 0S ribosomes in the 
presence or absence of tRNA and mRNA. The azidophenyl groups were then 
photoactivated by mild irradiation at 3 00 nm and the products of 
cross-linking analysed by our standard procedures. Multiple cross-links 
from 5S rRNA to two distinct regions of the 23S rRNA were observed. The 



first region was located in helix 3 8 in Domain II of the 23S molecule, with 
cross-links at sites between nucleotides 885 and 922. The second region 
covered helices 81-85 in Domain V, with sites between nucleotides 2272 and 
2345. Taken together with previous data, these results serve to define the 
arrangement of the 5S rRNA molecule relative to the 2 3S rRNA within the SOS 
subunit . 
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A single amino acid substitution in the phosphoprotein of respiratory 
syncytial virus confers thermosensitivity in a reconstituted RNA 
polymerase system. 
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The single amino acid change Glyl72 to Ser in the phosphoprotein (P) of 
respiratory syncytial virus (RSV) has previously been shown to be 
responsible for the thermosensitivity and protein-negative phenotype of 
tsN19, a mutant of the B subgroup RSN-2 strain. This single change was 
inserted into the P gene of the A subgroup virus RSS-2, and the resulting 
phenotype was observed in a plasmid-driven reconstituted RSV RNA 
polymerase system. Expression from a genome analogue containing 
two reporter genes was thermosensitive when directed by plasmids containing 
the N, L, M2, and mutant P genes cloned under the control of T7 
promoters. Analysis of RNA synthesis showed that mutant P protein 
was unable to produce genome, antigenome, or mRNA at the restrictive 
temperature. At a semipermissive temperature, genome, antigenome, and mRNA 
synthesis were all reduced, 6- to 30-fold, relative to synthesis directed 
by a wild-type P plasmid. Binding of the mutant P protein to N protein in 
the absence of other viral proteins was unaffected by temperature, 
indicating that the lesion did not produce a large enough structural change 
to disrupt this binding. These data suggest that the plasmid rescue system 
is suitable for investigation of the role of thermosensitive mutations in 
RSV polymerase components in RNA synthesis. 
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Nucleotide analogue interference mapping (NAIM) is a general 
biochemical method that rapidly identifies the chemical groups important 
for RNA function. In principle, NAIM can be extended to any 
nucleotide that can be incorporated into an in vitro transcript by an 



RNA polymerase . Here we report the synthesis of 
5 1 -0- (1-thio) -N2-methylguanosine triphosphate (m2GalphaS) and its 
incorporation into two reverse splicing forms of the Tetrahymena group I 
intron using a mutant form of T7 RNA polymerase- This 
analogue replaces one proton of the N2 exocyclic amine with a methyl 
group, but is as stable as guanos ine (G) for secondary structure formation. 
We have identified three sites of m2GalphaS interference within the 
Tetrahymena intron: G22, G212, and G303. All three of these guanosine 
residues are known to utilize their exocyclic amino groups to participate 
in tertiary hydrogen bonds within the ribozyme structure. Unlike the 
interference pattern with the phosphorothioate of inosine (IalphaS, an 
analogue that deletes the N2 amine of G) , m2GalphaS substitution did 
not cause interference at positions attributable to secondary structural 
stability effects. Given that the RNA minor groove is likely to be 
widely used for helix packing, m2GalphaS provides an especially valuable 
reagent to identify RNA minor groove tertiary contacts in less 
well-characterized RNAs. 
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The complete nucleotide sequence of a functional clone of the large 
polymerase (L) gene of bovine respiratory syncytial virus (BRSV) 
strain A51908 was determined by analysis of cloned cDNAs obtained from 
genomic and mRNAs . The BRSV L gene is 6573 nt in length and the derived 
polypeptide has 2162 aa. Alignment of the sequences of the BRSV L gene, and 
its encoded protein, with sequences of the L gene and protein of human 
respiratory syncytial virus strain A2 showed 77% identity at the nucleotide 
level and 84% identity at the amino acid level. By comparison, the L gene 
and protein of avian pneumovirus showed only 50% identity at the nucleotide 
level and 64% identity at the amino acid level. A minigenome was 
constructed to encode a BRSV vRNA analogue containing the gene for 
chloramphenicol acetyltransf erase (CAT) under the control of putative BRSV 
transcription motifs and flanked by the BRSV genomic termini. Transfection 
of plasmids encoding the BRSV minigenome, nucleocapsid protein (N) , 
phosphoprotein (P) and L protein, each under the control of T7 
promoter, into cells infected with a vaccinia virus recombinant expressing 
the T7 RNA polymerase gave rise to CAT activity and 

progeny with the minigenome. This result indicates that the N, P and L 
proteins are necessary and sufficient for transcription and replication of 
the BRSV minigenome and are functional. Further, inclusion of small amounts 
of the M2 protein along with the N, P and L proteins greatly augmented 
minigenome transcription. 
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The chemical basis of adenosine conservation throughout the Tetrahymena 



ribozyme. 
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Adenosines are present at a disproportionately high frequency within 
several RNA structural motifs . To explore the importance of 
individual adenosine functional groups for group I intron activity, we 
performed Nucleotide Analog Interference Mapping (NAIM) with a collection 
of adenosine analogues. This paper reports the synthesis, transcriptional 
incorporation, and the observed interference pattern throughout the 
Tetrahymena group I intron for eight adenosine derivatives tagged with an 
alpha -phosphorothioate linkage for use in NAIM. All of the analogues were 
accurately incorporated into the transcript as an A. The sites that 
interfere with the 3 » -exon ligation reaction of the Tetrahymena intron are 
coincident with the sites of phylogenetic conservation, yet the 
interference patterns for each analogue are different. These 
interference data provide several biochemical constraints that improve our 
understanding of the Tetrahymena ribozyme structure. For example, the data 
support an essential A-platform within the J6/6a region, major groove 
packing of the P3 and P7 helices, minor groove packing of the P3 and J4/5 
helices, and an axial model for binding of the guanosine cof actor. The data 
also identify several essential functional groups within a highly conserved 
single-stranded region in the core of the intron (J8/7) . At four sites in 
the intron, interference was observed with 2'-fluoro A, but not with 
2 1 -deoxy A. Based upon comparison with the P4-P6 crystal structure, this 
may provide a biochemical signature for nucleotide positions where the 
ribose sugar adopts an essential C2 ' -endo conformation. In other cases 
where there is interference with 2 ' -deoxy A, the presence or absence of 
2'-fluoro A interference helps to establish whether the 2 1 -OH acts as a 
hydrogen bond donor or acceptor. Mapping of the Tetrahymena intron 
establishes a basis set of information that will allow these reagents to be 
used with confidence in systems that are less well understood. 
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The synthesis and enzymatic incorporation into RNA of the hydrogen 
bond degenerate nucleoside analogue 6- (beta-d-ribof uranosyl } -3 , 
4-dihydro-8H-pyrimido [4, 5-c] - [1, 2] oxazin-7-one (P) is described. The 
5 ■ -triphosphate of this analogue is readily incorporated by T3 , 
T7 and SP6 RNA polymerases into RNA transcripts, being 

best incorporated in place of UTP, but also in place of CTP. When all the 



uridine residues in an HIV-1 TAR RNA transcript are replaced by P the 
transcript has similar characteristics to the wild-type TAR RNA, as 
demonstrated by similar melting temperatures and CD spectra. The 
P-substituted TAR transcript binds to the Tat peptide ADP-1 with only 
4 -fold lowered efficiency compared with wild-type TAR. 
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We have synthesized the analogue 2 1 -deoxy-2 ' -thio-CTP (CTP-SH) and 
tested its ability to support RNA transcription in place of CTP. The 
modified nucleotide in a transcription reaction and in the absence of CTP 
generated the appropriately sized fragment when a mutant T7 
polymerase (Y63 9F) was used. Wild-type polymerase was unable to 
generate RNA under the same conditions. Transcription was optimal 
around pH 7.5 and was dependent upon CTP-SH concentration. Transcripts 
containing the analogue were efficiently isolated using a 
thiol -activated sepharose column. Insertion of CTP-SH into the HDV 
ribozyme, replacing all cytidine residues with 2 ' -thiocytidine , appears to 
inhibit self -cleaving activity, even in the presence of manganese. The 
ability to introduce the CTP-SH analogue enzymatically into RNA 
opens the way for new structure-function studies where the 2 1 -hydroxy 1 can 
be efficiently replaced by a thiol group. 
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Photoaff inity labeling of 30S-subunit proteins S7 and Sll by 
4-thiouridine-substituted tRNA(Phe) situated at the P site of Escherichia 
coli ribosomes . 
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4-Thiouridine, a photoreactive analogue of uridine, was randomly 
incorporated into yeast tRNA(Phe) precursor molecules by transcription with 
T7 RNA polymerase and the resulting transcripts were 
converted into mature tRNA(Phe) by treatment with RNase P RNA. The 
photoreactive tRNA(Phe) was aminoacylated and bound to the P site of 
Escherichia coli 70S ribosomes in the presence of a poly(U) template. 
Irradiation of the complexes with light of 300 nm resulted in the covalent 
crosslinking of nt U20 in the D loop of the tRNA to protein Sll of the 30S 
ribosomal subunit, whereas nt U33 in the anticodon loop crosslinked to 
30S-subunit protein S7 . These results allowed us to map the D loop of P 



site -bound tRNA to the platform of the 3 OS ribosomal subunit and provided 
additional information about contacts between protein S7 and the anticodon 
loop in the cleft between the platform and the subunit head. 



4/3,AB/9 (Item 9 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09497747 97392806 PMID: 9245591 

Bioincorporation of telluromethionine into proteins: a promising new 
approach for X-ray structure analysis of proteins. 
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A simple and efficient method for the specific and quantitative 
replacement of the naturally occurring amino acid methionine by its 
isosteric analogue telluromethionine in the expression of recombinant 
proteins has been developed. The method requires a controlable and 
competitive expression system like the bacteriophage T7 
polymerase /promoter in a methionine-auxotrophic host. Using 
methionine -auxotrophic Escherichia coli strains, incorporation of 
telluromethionine at high yields has been achieved for human recombinant 
annexin V, human mitochondrial transamidase , Arabidopsis 

glutathione-S-transferase and the N-terminal domain of Salmonella tailspike 
adhesion protein as confirmed by amino acid, mass-spectrometric and X-ray 
analyses. Expressed and purified telluromethionine -proteins and native 
proteins were found to crystallise isomorphously . In terms of efficient 
bio-expression, isomorphism of crystals and relative abundance of 
methionine residues, the production of telluromethionine-proteins as 
heavy-atom derivatives offers a valid and general approach in X-ray 
analysis by the method of multiple isomorphous replacement. 
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The bacterial tetracycline-resistance determinant from TnlO encodes a 43 
kDa membrane protein, TetA, responsible for active efflux of tetracyclines. 
The tetA gene was cloned behind a T7 promoter/ lac operator in a 
plasmid that provided fusion of TetA to a polyhistidine-carboxy terminal 
tail. A second plasmid provided a regulated T7 RNA 
polymerase . The specific activity of the TetA fusion protein was 
between 10-40% that of the wild- type protein as assayed by tetracycline 
resistance in cells and by transport in membrane vesicles. The fusion 
protein, overproduced approximately 3 -13 -fold, was purified by nickel 



chelation chromatography. Calculations from circular dichroism spectra of 
the purified protein solubilized in dodecylmaltoside gave an alpha-helix 
content of 54-64%, close to the 68% predicted from the amino acid sequence 
by hydropathy analysis (12 membrane -spanning helices) for the native 
protein in the membrane bilayer. Fluorescence studies showed binding 
activity of the purified protein to its substrate, the tetracycline 
analogue 13- (cyclopentylthio) -5-hydroxy-6-alpha-deoxytetracycline . 
These findings suggested that the purified protein was in a native state. 
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It is now generally accepted that 16S and 23S ribosomal RNA play 
important roles in the decoding and peptidyl transferase activities of 
ribosomes. Despite their complex structures and numerous associated 
proteins it is possible that small domains of these rRNAs can fold and 
function autonomously, particularly those that appear devoid of protein 
interactions. One candidate for such a domain is the decoding region, 
located near the 3' end of 16S rRNA (Fig. la, b) . Consistent with this 
hypothesis, aminoglycoside antibiotics that interact with the decoding 
region in 3 OS subunits interact with other RNAs in the absence of proteins. 
In addition, certain activities of self -splicing introns, at least 
superficially, resemble translational decoding. We report here that an 
oligoribonucleotide analogue of the decoding region interacts with 
both antibiotic and RNA ligands of the 3 OS subunit in a manner that 
correlates with normal subunit function. The activities of the decoding 
region analogue suggest that the intimidating structural complexity 
of the ribosome can be, to some degree, circumvented. 
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T7 phage RNA polymerase was used to transcribe a series 
of DNA templates bearing any of several precisely localized lesions. 
Lesions were positioned downstream of the T7 promoter on either 
strand of the DNA template to investigate the effects of these lesions on 
elongation of transcription. The following four types of DNA modifications 



were studied: 1) 3-hydroxy-2 -hydroxymethyl tetrahydrof uran (tetrahydrof uran) 
a synthetic apurinic/apyrimidinic site; 2) 8-oxoguanine (8-oxodG) , an 
oxidized derivative of guanine,- 3) N-acetyl-2 -aminof luorene {AAF) modified 
guanine; 4) 2 -aminof luorene (AF) modified guanine. None of these lesions 
blocked transcription elongation when they were located on the non-template 
strand. Lesions on the template strand blocked elongation with varied 
efficiency. The series of AAF-dG, AF-dG, and tetrahydrof uran lesions showed 
a progressively decreasing ability to block elongation, while 8-oxo-dG 
caused little, if any, premature termination. T7 RNA 
polymerase was able to read through all of the lesions with 
sufficient efficiency to permit chain termination sequencing using the 
read-through products as templates. AAF-dG and AF-dG adducts did not induce 
detectable misreading. Adenine and, more rarely, cytosine were incorporated 
opposite 8-oxo-dG, as observed for translesional synthesis by DNA 
polymerases. Adenine was most commonly inserted opposite the 
non-instructional abasic site analogue, although a minor fraction of 
guanine was incorporated. 
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2 ' -Fluoro- and 2 ' -amino-2 ' -deoxynucleoside 5 ' -triphosphates have been 
investigated as substrates for T7 RNA polymerase . 

Michaelis-Menten kinetic parameters are reported for the incorporation of 
2 ' -f luoro-2 • -deoxyuridine, 2 ' - f luoro-2 ' -deoxycytidine , and 2 ' -amino-2 • -deox 
yuridine into runoff transcripts. The 2' -amino derivative of uridine is a 
better substrate than the 2' -fluoro derivative. Gel electrophoretic 
analysis shows that full-length transcripts with a length of 2500 
nucleotides can be obtained with the analogues, although a considerable 
amount of shorter fragments accompanies the full-length product. In keeping 
with the kinetic analysis, the 2 ' -aminouridine triphosphate gives a cleaner 
product than the 2 '-fluoro analogue. Transcription of two tRNA genes 
shows that such shorter templates can be transcribed to full-length 
products essentially without premature termination with any of the 
analogues . 
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The binding of rabbit globin mRNA to the 2 5-kDa cap binding protein 
eIF-4E from human erythrocytes was found to be 5.3-fold stronger than the 
binding of the cap analogue m7GpppG to eIF-4E [Gross et al . (1990) 
Biochemistry 29, 5008-5012] . In order to investigate whether this effect is 
due to the longer sequence of nucleotides in globin mRNA or to other 
features such as cap accessibility or secondary structure, 
oligoribonucleotide analogues of rabbit alpha-globin mRNA were synthesized 
by T7 RNA polymerase from a synthetic 

oligodeoxynucleotide template in the presence of m7GpppG; these 
oligoribonucleotide analogues possess varying degrees of cap accessibility 
and secondary structure. Equilibrium association constants for the 
interaction of these oligoribonucleotides and purified human erythrocyte 
eIF-4E were obtained from direct fluorescence titration experiments. The 
data indicate that while the presence of the m7G cap is required for 
efficient recognition by eIF-4E, the cap need not be completely sterically 
accessible, since other structural features within the mRNA also influence 
binding . 
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2 -Chloro-2 1 -deoxyadenosine 5 ■ -triphosphate (CldATP) was compared with 
dATP as a substrate for DNA synthesis by bacterial and viral DNA 
polymerases in vitro. Lengths of chain extension and DNA synthesis pause 
sites were determined by comparison with products generated by 
dideoxynucleotide sequencing methods on the same end- labeled 
primer/template duplex after high-resolution polyacrylamide gel 
electrophoresis. Reverse transcriptase (RT) from human immunodeficiency 
virus (HIV-1) and avian myeloblastosis virus (AMV) incorporated CldATP 
efficiently. DNA strand elongation continued past most chloroadenine (CIA) 
insertion sites but resulted in shorter chains than when dATP was inserted. 
Phage T4 DNA polymerase incorporated CldATP least efficiently; Klenow 
fragment of Escherichia coli DNA polymerase I and modified T7 

DNA polymerase (Sequenase) showed intermediate ability to utilize 
the analogue. Incorporation of several consecutive CIA residues into 
the replicating strand dramatically reduced the ability of Sequenase, 
Klenow fragment, and T4 DNA polymerases to continue strand elongation. In 
the absence of the corresponding normal deoxyribonucleoside triphosphate 
during DNA synthesis, CIA was frequently misincorporated as thymine, 
cytosine, or guanine by both AMV RT and HIV-1 RT but rarely, if at all, by 
Klenow fragment, Sequenase, and T4 DNA polymerase. Except T4 , for 
most DNA polymerases, CldATP at 10 -20 -fold molar excess over dATP was not a 
strong competitive inhibitor of dATP, as judged by the amount of strand 
extension and polymerase pause sites during DNA synthetic reactions. 
Our results indicate that the degree of strand extension in the presence of 
CldATP, the number and location of polymerase pause sites, and the 
amount of mis incorporation of the analogue are both polymerase - 
and sequence-dependent. 
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Three overlapping RNA fragments containing the pseudoknot, as found 
in the tRNA-like structure of turnip yellow mosaic virus (TYMV) RNA, 
have been isolated and purified. Site-directed cleavage of TYMV RNA 
by RNase H, followed by ammonium sulphate precipitation and ion-exchange 
HPLC, yielded a pure preparation of a 3' -terminal, 112 -nucleotide TYMV 
RNA fragment. Transcription of TYMV cDNA by T7 RNA 
polymerase , resulted in the isolation of an 88 -nucleotide fragment. 
Finally, a 44 -nucleotide fragment containing the TYMV RNA pseudoknot 
and strongly resembling the aminoacyl acceptor arm of the viral RNA 

was also synthesised using T7 RNA polymerase. The three 
fragments were isolated in milligram amounts and used for biochemical 
structure mapping, ultraviolet melting studies and NMR spectroscopy. 
Chemical modification with diethyl pyrocarbonate and sodium bisulphite and 
enzymatic digestion with RNase Tl confirmed the presence of the pseudoknot 
in the 44 -nucleotide fragment. Also the analogue of the T-stem and 
T-loop of the tRNA-like structure of TYMV RNA was found. The results 
of modification at various temperatures in Mg2+-containing buffers were in 
general agreement with optical melting studies. Ultraviolet melting 
analysis of the longer fragments revealed their greater complexity and the 
results appear similar to those obtained for some tRNA species. To obtain 
direct biophysical evidence for base-pairing and stacking interactions in 
the pseudoknot, NMR studies were initiated. The first proton-NMR spectra 
ever obtained for plant viral RNA fragments are presented. NMR 
spectra were recorded at various buffer conditions and at various 
temperatures. The spectra for the 112 -nucleotide and 88-nucleotide fragment 
are too complicated to be solved at present. In the case of the 
44 -nucleotide fragment, however, the imino proton resonances are well 
separated and this system turns out to be most promising for structural 
studies . 
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The study of transcription kinetics by T7 RNA 



I 



polymerase is facilitated by the small size of its promoter, allowing 
the use of synthetic oligonucleotide templates with carefully defined 
sequences. We have previously used this approach to measure 
Michaelis-Menten steady-state kinetics for production of the five-base 
runoff transcript GGACU. In particular, Km for the interaction between 
enzyme and template under saturating levels of all four nucleotide 
triphosphates was shown to be approximately 0.02 microM. We now show that 
the corresponding Km and Vmax for initiation on a similar template coding 
for the runoff transcript GACU are the same as for the earlier study {Km = 
0.02 microM; kcat = 40-50 min-1) . This new template allows the measurement 
Km for association of the initial nucleotide GTP with enzyme or with the 
enzyme-DNA complex. The results show that KGTPm (0.60 mM) is somewhat 
higher than earlier approximations of Km for addition of elongating GTP 
during the later phase of processive elongation. As expected, the 
(initiating) Km for the GTP analogue ITP (KITPm) is increased (by 
about 2 -fold) , presumably as a result of weakened Watson-Crick base 
pairing. However, comparison of Km values for the GTP analogues GMP and 
guanosine shows little effect on substitution of the 5 * -triphosphate by 
monophosphate or by a hydroxyl, respectively. This result suggests that a 
single active site has been evolutionarily adapted to accept from the 5' 
end of a waiting nucleotide both a 5 1 -triphosphate at initiation and a 
5 ■ -monophosphate ester (RNA) during elongation. (ABSTRACT TRUNCATED AT 
2 50 WORDS) 
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Yeast tRNA ligase, from Saccharomyces cerevisiae, is one of the protein 
components that is involved in the splicing reaction of intron-containing 
yeast precursor tRNAs . It is an unusual protein because it has three 
distinct catalytic activities. It functions as a polynucleotide kinase, as 
a cyclic phosphodiesterase, and as an RNA ligase. We have studied the 
binding interactions between ligase and precursor tRNAs containing two 
photoreactive uridine analogues, 4 -thiouridine and 5-bromouridine . When 
irradiated with long ultraviolet light, RNA containing these 
analogues can form specific covalent bonds with associated proteins. In 
this paper, we show that 4 -thiouridine triphosphate and 5-bromouridine 
triphosphate were readily incorporated into a precursor tRNA(Phe) that was 
synthesized, in vitro, with bacteriophage T7 RNA 
polymerase. The analogue -containing precursor tRNAs were 
authentic substrates for the two splicing enzymes that were tested 
(endonuclease and ligase) , and they formed specific covalent bonds with 
ligase when they were irradiated with long-wavelength ultraviolet light. We 
have determined the position of three major cross -links and one minor 
cross-link on precursor tRNA(Phe) that were located within the intron and 
near the 3 1 splice site. On the basis of these data, we present a model for 
the in vivo splicing reaction of yeast precursor tRNAs. 
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Transcription by T7 RNA polymerase has been studied 
using a chiral ATP analogue . The Sp diastereoisomer of adenosine 
5 • -0- (1-thiotriphosphate) {ATP alpha S) was incorporated into RNA 
with an apparent KM of approximately 15 microM, similar to that for ATP; 
the Rp diastereoisomer was neither a substrate nor a competitive inhibitor. 
The configuration of the phosphodiester link in the RNA produced was 
analyzed with stereospecif ic nucleases. The rate of nuclease digestion was 
compared with the rate of digestion of phosphorothioate-substituted 
RNA of known stereochemistry synthesized by E. coli RNA 
polymerase . Surprisingly, the nucleases exhibited reduced 
discrimination compared with their activity on dinucleotides . The results 
show that phosphorothioate-substituted RNA transcribed by T7 
RNA polymerase has the same configuration as that transcribed 
by E. coli RNA polymerase, ie. Rp. Thus, the reaction proceeds 
with inversion of configuration at phosphorus. 
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ABSTRACT: An attempt was made to create an efficient experimental system to 
study the effect of mutation- induced changes in various genes on the 
biological properties of Venezuelan equine encephalitis (VEE) virus and 
first of all on its attenuation. Experiments were carried out with a 
Trinidad donkey strain of VEE virus. Plasmid pVE-57 constructed contained 
full-length DNA-copy of genome. The plasmid was then used for the 
synthesis of RNA analogue of VEE genome in in-vitro 
transcription reaction, using RNA-polymerase of phase 
T7 . The results of the transfection of the cell culture by 
RNA preparations obtained under varying transcription conditions 
were presented. The biological properties of the VEE virus obtained on 
the basis of the genome copy and the initial strain were compared in 
mice. It was found that the viruses were identical. Molecular sequence 
data are presented. 
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ABSTRACT: Yeast tRNA ligase, from Saccharomyces cerevisiae, is one of the 
protein components that is involved in the splicing reaction of 
intron-containing yeast precursor tRNAs . It is an unusual protein because 
it has three distinct catalytic activities. It functions as a 
polynucleotide kinase, as a cyclic phosphodiesterase, and as an RNA 
ligase. We have studied the binding interactions between ligase and 
precursor tRNAs containing two photoreactive uridine analogues, 
4-thiouridine and 5-bromouridine . When irradiated with long ultraviolet 
light, RNA containing these analogues can form specific covalent 
bonds with associated proteins. In this paper, we show that 4-thiouridine 
triphosphate and 5-bromouridine triphosphate were readily incorporated 
into a precursor tRNAPhe that was synthesized, in vitro, with 
bacteriophage T7 RNA polymerase. The analogue 

-containing precursor tRNAs were authentic substrates for the two 
splicing enzymes that were tested (endonuclease and ligase) , and they 
formed specific covalent bonds with ligase when they were irradiated with 
long-wavelength ultraviolet light. We have determined the position of 
three major cross- links and one minor cross -link on precursor tRNAPhe 
that were located within the intron and near the 3' splice site. On the 
basis of these data, we present a model for the in vivo splicing reaction 
of yeast precursor tRNAs. 



1988 



the release of RNA. Mismatches in the templates at -6 to +1 allowed 
for efficient termination, unlike those upstream of the sequence. The 
upstream module (from -15 to -9 approximately -7) functions as a duplex. 
Pausing of the SP6 elongation complex at the termination site was detected 
when RNA release was suppressed by the incorporation of 5-bromo-UMP, 
and it was dependent on the upstream module. Results of single -round SP6 
transcriptions using 3 1 -deoxynucleotides and immobilized templates 
indicated that RNA was not released from the elongation complexes 
halted at the termination site on the template variants carrying mutations 
in the upstream or downstream module, whereas such complexes on the wild 
type template were dissociated. Thus, halting or simple pausing was not 
sufficient for termination even when the downstream module was intact. The 
upstream module appears to mediate such conformation change necessary for 
termination. 
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Nucleotide analogue interference mapping (NAIM) is a general 
biochemical method that rapidly identifies the chemical groups important 
for RNA function. In principle, NAIM can be extended to any 
nucleotide that can be incorporated into an in vitro transcript by an 
RNA polymerase. Here we report the synthesis of 
5 » -0- (1-thio) -N2-methylguanosine triphosphate (m2GalphaS) and its 
incorporation into two reverse splicing forms of the Tetrahymena group I 
intron using a mutant form of T7 RNA polymerase. This 
analogue replaces one proton of the N2 exocyclic amine with a methyl 
group, but is as stable as guanosine (G) for secondary 
structure formation. We have identified three sites of m2GalphaS 
interference within the Tetrahymena intron: G22, G212, and G303. All three 
of these guanosine residues are known to utilize their exocyclic amino 
groups to participate in tertiary hydrogen bonds within the ribozyme 
structure . Unlike the interference pattern with the phosphorothioate 
of inosine (IalphaS, an analogue that deletes the N2 amine of G) , 
m2GalphaS substitution did not cause interference at positions attributable 
to secondary structural stability effects. Given that the RNA 
minor groove is likely to be widely used for helix packing, m2GalphaS 
provides an especially valuable reagent to identify RNA minor groove 
tertiary contacts in less well-characterized RNAs . 
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Phosphorothioate (NTPalphaS) analogues were incorporated into the 
HDV genomic ribozyme by transcription with T7 polymerase. The 
introduction of a sulfur in place of the pro-Rp oxygen at the phosphate 
5' to positions A64, A63 , A43, U27, G62, C61, C44, C41, C22and C21appeared 
to inhibit self -cleavage activity of the G73 genomic ribozyme. Except for 
position C22, elevated levels of Mg2+rescued the reaction to various 
extents. When the sites were identified in the RNA sequence, they 
were clustered in three distinct regions that, in the secondary 
structure models, are predicted to be primarily single-stranded. Two 
of these regions have been proposed to form extensive interactions that are 
thought to involve a homopurine base pair. The third region is thought to 
be directly associated with assembly of the cleavage site. 
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The bacterial tetracycline-resistance determinant from TnlO encodes a 43 
kDa membrane protein, TetA, responsible for active efflux of tetracyclines. 
The tetA gene was cloned behind a T7 promoter/ lac operator in a 
plasmid that provided fusion of TetA to a polyhistidine-carboxy terminal 
tail. A second plasmid provided a regulated T7 RNA polymerase. 
The specific activity of the TetA fusion protein was between 10-40% that of 
the wild-type protein as assayed by tetracycline resistance in cells and by 
transport in membrane vesicles. The fusion protein, overproduced 
approximately 3-13-fold, was purified by nickel chelation chromatography. 
Calculations from circular dichroism spectra of the purified protein 
solubilized in dodecylmaltoside gave an alpha-helix content of 54-64%, 
close to the 68% predicted from the amino acid sequence by hydropathy 
analysis (12 membrane -spanning helices) for the native protein in the 
membrane bilayer. Fluorescence studies showed binding activity of the 
purified protein to its substrate, the tetracycline analogue 
13- (cyclopentylthio) - 5 -hydroxy- 6 -alpha -deoxytetracycline . These findings 
suggested that the purified protein was in a native state. 
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The binding of rabbit globin mRNA to the 25-kDa cap binding protein 
eIF-4E from human erythrocytes was found to be 5. 3 -fold stronger than the 
binding of the cap analogue m7GpppG to eIF-4E [Gross et al . (1990) 
Biochemistry 29, 5008-5012] . In order to investigate whether this effect is 
due to the longer sequence of nucleotides in globin mRNA or to other 
features such as cap accessibility or secondary structure, 
oligoribonucleotide analogues of rabbit alpha-globin mRNA were 
synthesized by T7 RNA polymerase from a synthetic 
oligodeoxynucleotide template in the presence of m7GpppG; these 
oligoribonucleotide analogues possess varying degrees of cap 
accessibility and secondary structure. Equilibrium association 
constants for the interaction of these oligoribonucleotides and purified 
human erythrocyte eIF-4E were obtained from direct fluorescence titration 
experiments. The data indicate that while the presence of the m7G cap is 
required for efficient recognition by eIF-4E, the cap need not be 
completely sterically accessible, since other structural features within 
the mRNA also influence binding. 
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New spin-labeled analogs of nucleoside triphosphates, 
8 -amino (2,2,6, 6- tetramethylpiperidine-N-oxyl) adenosine 5 ' -triphosphate ( (8- 
AmTEMPO ) ATP ) and 5-amino(2,2 , 6, 6- tetramethylpiperidine-N-oxyl) uridine 
5 ' -triphosphate ( (5 -AmTEMPO) UTP) , with the probe 4 -amino (2 , 2 , 6 , 6-tetramethy 
Ipiperidine-N-oxyl) (4 -AmTEMPO) attached to C-8 of ATP and C-5 of UTP via a 
secondary amine bond, were synthesized in 50 and 40% yield, 
respectively. These analogs showed a single spot by thin layer 
chromatographic analysis. The absorption spectra of ( 8 -Am- TEMPO) ATP and 
(5 -AmTEMPO) UTP exhibit maxima at 310 and 265 nm, respectively; their X-band 
EPR spectra have a typical three-line pattern with lines at 3,221, 3,239, 
and 3,257 Gauss. The intensity ratios for mid to high field lines of the 
EPR derivative lines were found to be 1.03 +/- 0.02, 1.08 +/- 0.04, and 
1.15 +/- 0.07 for 4 -AmTEMPO , ( 8 -AmTEMPO) ATP, and ( 5 -AmTEMPO) UTP, 
respectively. The immobilization of 4 -AmTEMPO bound to C-8 of ATP or bound 
to C-5 of UTP was observed to be 5 and 11%, respectively, as compared with 
free 4 -AmTEMPO . The initial velocity (s-1) of [3H]UMP incorporation into 
RNA in the presence of [3H] UTP, CTP, GTP, and ( 8 -AmTEMPO) ATP or ATP 
was measured. The percent incorporation of ( 8 -AmTEMPO) ATP into RNA 
product by Escherichia coli RNA polymerase using various DNA 
templates is 68, 66, and 61% for pAR1435 (plasmid containing Al promoter 
from T7 DNA), calf thymus DNA, and poly(dA-dT) respectively, as 
compared with ATP incorporation. The polymerase-catalyzed reaction of 



(8-AmTEMPO) ATP with (3'-OCH3)UTP yielded 5 ' -triphosphate 

delta-amino (2,2, 6 , 6-tetramethylpiperidine-N-oxyl) adenylyl (3 ' -5 1 ) 3 1 -methoxy 
uridine in the presence of poly(dA-dT) . The structure of this 
spin- labeled dinucleotide was identified by paper chromatographic analysis 
of the products of phosphodiesterase digestion. These analogs also 
can be used for the study by EPR spectroscopy of the dynamics of gene 
transcription catalyzed by RNA polymerases or of other 
nucleotide-utilizing enzymes. 



exposure to many different stress conditions results in rapid and strong 
sigma(S) induction. Consequently, transcription of numerous 

sigma (S) -dependent genes is activated, many of which encode gene products 
with stress-protective functions. Multiple signal integration in the 
control of the cellular sigma (S) level is achieved by rpoS transcriptional 
and translational control as well as by regulated sigma (S) proteolysis, 
with various stress conditions differentially affecting these levels of 
sigma (S) control. Thus, a reduced growth rate results in increased 
rpoS transcription whereas high osmolarity, low temperature, acidic pH, and 
some late- log-phase signals stimulate the translation of already present 
rpoS mRNA. In addition, carbon starvation, high osmolarity, acidic pH, and 
high temperature result in stabilization of sigma (S), which, under 
nonstress conditions, is degraded with a half -life of one to several 
minutes. Important cis-regulatory determinants as well as trans-acting 
regulatory factors involved at all levels of sigma (S) regulation have been 
identified. rpoS translation is controlled by several proteins (Hfq and HU) 
and small regulatory RNAs that probably affect the secondary 
structure of rpoS mRNA. For sigma (S) proteolysis, the response 
regulator RssB is essential. RssB is a specific direct sigma (S) recognition 
factor, whose affinity for sigma (S) is modulated by phosphorylation of its 
receiver domain. RssB delivers sigma (S) to the ClpXP protease, where 
sigma (S) is unfolded and completely degraded. This review summarizes our 
current knowledge about the molecular functions and interactions of these 
components and tries to establish a framework for further research on the 
mode of multiple signal input into this complex regulatory system. 
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Replication of ColEl-type plasmids is regulated by RNAI, an antisense 
RNA that interacts with the replication pre-primer, RNAI I . 
Exonucleolytic attack at the 3 ( ' ) end of RNAI is impeded in pcnB mutant 
bacteria, which lack poly (A) polymerase I -the principal RNA 
polyadenylase of E. coli; this leads to accumulation of an RNAI decay 
intermediate (RNAI (-5)) and dramatic reduction of the plasmid copy, 
number. Here, we report that polyadenylation can also affect RNAI -mediated 
control of plasmid DNA replication by inhibiting interaction of RNAI (-5) 
with RNAI I . We show that mutation of the host pcnB gene profoundly affects 
the plasmid copy number, even under experimental conditions that limit the 
effects of polyadenylation on RNAI (-5) decay. Moreover, poly (A) tails 
interfere with RNAI /RNAI I interaction in vitro ^without producing any 
detectable alteration of RNAI secondary structure. Our results 
establish the existence of a previously undetected mechanism by which 
RNA polyadenylation can control plasmid copy number. 
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Both the RNase H domain of Moloney murine leukemia virus (Mo-MLV) reverse 
transcriptase (RT) and Escherichia coli RNase H possess a positively 
charged alpha-helix (C helix) and a loop that are not present in the RNase 
H domains of human immunodeficiency virus (HIV) RT or avian sarcoma virus 
RT. Although a mutant Mo-MLV RT lacking the C helix (DeltaC RT) retains DNA 
polymerase activity on homopolymeric substrates and partial RNase H 
activity, reverse transcription of the viral RNA genome in vivo is 
defective. To identify the essential features of the C helix, a panel of 
Mo-MLV RT mutants was generated. Analyses of these mutant viruses revealed 
the importance of residues H594, 1597, R601, and G602. The mutants were 
tested for their ability to synthesize viral DNA after acute infections and 
to form proper 5 * and 3 » viral DNA ends . The mutant RTs were tested in 
vitro for exogenous RT activity, minus -strand strong- stop DNA synthesis in 
endogenous RT reactions, nonspecific RNase H activity, and finally, proper 
cleavage at the polypurine tract-U3 junction. The R601A mutant was the most 
defective mutant both in vivo and in vitro and possessed very little RNase 
H activity. The H594A, I597A, and G602A mutants had significant 
reductions in RNase H activity and in their rates of viral 
replication. Many of the mutants formed improper viral DNA ends and were 
less efficient in PPT-U3 recognition and cleavage in vitro. The data show 
that the C helix plays a crucial role for overall RNase H cleavage 
activity. The data also suggest that the C helix may play an important role 
in polypurine tract recognition and proper formation of the plus -strand 
DNA • s 5 ' end . 
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Hepatitis C virus (HCV) nonstructural protein 5B (NS5B) is an RNA 
-dependent RNA polymerase (RdRp) essential for virus 
replication. Several consensus sequence motifs have been identified in 
NS5B, some of which have been shown to be critical for its enzymatic 
activity. A unique beta-hairpin structure located between amino acids 
44 3 and 454 in the thumb subdomain has also been shown to play an important 
role in ensuring terminal initiation of RNA synthesis in vitro. 
However, the importance of these sequence and structural elements in viral 



RNA replication in infected cells has not been established, mainly 
due to the lack of a reliable cell culture system for HCV. In this study, 
we investigated the effect of several single amino acid substitutions and 
beta-hairpin truncations in NS5B on viral RNA replication by using 
the subgenomic replicon cell culture system. A strong correlation between 
in vitro polymerase activity and viral RNA replication was 
observed with most of the substitutions. Interestingly, truncations of the 
beta-hairpin (by four and eight amino acid residues, respectively), which 
did not reduce the in vitro enzymatic activity, completely abolished 
the ability of the replicon RNA to replicate in Huh-7 cells, 
demonstrating its essential role in viral RNA replication. 
Furthermore, a conservative substitution in motif D, from an arginine 
residue (AMTR{345)), which is conserved among all HCV isolates, to a lysine 
residue, resulted in significant improvements in both transient RNA 
replication and colony formation efficiencies. This result also correlates 
with a previous observation that the enzymatic activity of NS5B increased 
by about 50% when the same NS5B substitution was introduced (V. Lohmann, F. 
Korner, U. Herian, and R. Bartenschlager , J. Virol, 1997, 71, 8416-8428) . 
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The in vitro effect of tetrahydrocortisol-apolipoprotein A-I complex on 
native adult rat liver DNA results in the formation of SI nuclease 
sensitive fragments that are irregularly distributed throughout a genome. 
Low-angle X-ray scattering showed that after the interaction with the 
tetrahydrocortisol-apolipoprotein A-I complex, DNA can bind to RNA- 
polymerase with a high and dose -dependent cooperativity . This 
indicates that the effect of tetrahydrocortisol-apolipoprotein A-I complex 
on secondary eukaryotic DNA structure causes a local 
denaturation of the double helix, promoting high cooperativity of binding 
to RNA-polymerase . The reduced form of the hormone, 

tetrahydrocortisol , previously considered as an inactive metabolite, when 
complexed with apolipoprotein A-I, promotes a biological function similar 
to that of a transcription factor. 
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Self -splicing introns are rarely found in bacteria and bacteriophages. 
They are classified into group I and II according to their structural 
features and splicing mechanisms. While the group I introns are 
occasionally found in protein-coding regions of phage genomes and in 
several tRNA genes of cyanobacteria and proteobacteria, they had not been 
found in protein-coding regions of bacterial genomes. Here we report a 
group I intron in the recA gene of Bacillus anthracis which was initially 
found by DNA sequencing as an intervening sequence (IVS) . By using reverse 
transcriptase PCR, the IVS was shown to be removable from the recA 
precursor mRNA for RecA that was being translated in E. coli. The splicing 
was visualized in vitro with labeled free GTP, indicating that it is a 
group I intron, which is also implied by its predicted secondary 
structure . The RecA protein of B. anthracis expressed in E. coli was 
functional in its ability to complement a recA defect. When recA-negative 
E. coli cells were irradiated with UV, the Bacillus RecA reduced the 
UV susceptibility of the recA mutant, regardless of the presence of intron. 
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The BRCA1 gene is involved in sporadic breast and ovarian cancer mainly 
through reduced expression. BRCA1 mRNAs containing different leader 
sequences show different patterns of expression. In a normal mammary gland 
mRNA with a shorter leader sequence, 5 » -UTRa is expressed only, whereas in 
breast cancer tissue mRNA with a longer leader, 5 ' -UTRb is expressed also. 
We show that the translation efficiency of transcripts containing 5 ' -UTRb 
is 10 times lower than those containing 5 '-UTRa. The structures of 5 ' -UTRa 
and 5 ' -UTRb were determined by chemical and enzymatic probing aided by a 
new method developed for monitoring the number of co-existing stable 
conf ormers . Specific factors responsible for reduced translation of 
mRNA containing 5 • -UTRb were determined using a variety of transcripts with 
mutations in the leader sequence. These factors include a stable 
secondary structure formed by truncated Alu element and 
upstream AUG codons . The novel mechanism by which BRCA1 may be involved in 
sporadic breast and ovarian cancer is proposed. It is based on the 
expression patterns of BRCA1 mRNAs and differences in their 
translatability . According to this mechanism the deregulation of the BRCA1 
transcription in cancer, resulting in a higher proportion of 
translationally inhibited transcripts containing 5' -UTRb, contributes to 
the decrease in the BRCA1 protein observed in sporadic breast and ovarian 
cancers . 
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Class-1 polypeptide chain release factors (RFs) play a key role in 
translation termination. Eukaryotic (eRFl) and archaeal class-1 RFs possess 
a highly conserved Asn-Ile-Lys-Ser (NIKS) tetrapeptide located at the 
N-terminal domain of human eRFl. In the three-dimensional structure, 
NIKS forms a loop between helices. The universal occurrence and exposed 
nature of this motif provoke the appearance of hypotheses postulating an 
essential role of this tetrapeptide in stop codon recognition and ribosome 
binding. To approach this problem experimentally, site-directed mutagenesis 
of the NIKS (positions 61-64) in human eRFl and adjacent amino acids has 
been applied followed by determination of release activity and 
ribosome -binding capacity of mutants. Substitutions of Asn61 and Ile62 
residues of the NIKS cause a decrease in the ability of eRFl mutants to 
promote termination reaction in vitro, but to a different extent depending 
on the stop codon specificity, position, and nature of the substituting 
residues. This observation points to a possibility that Asn-Ile dipeptide 
modulates the specific recognition of the stop codons by eRFl. Some 
replacements at positions 60, 63, and 64 cause a negligible (if any) effect 
in contrast to what has been deduced from some current hypotheses 
predicting the structure of the termination codon recognition site in 
eRFl. Reduction in ribosome binding revealed for Ile62, Ser64, Arg65, 
and Arg6 8 mutants argues in favor of the essential role played by the right 
part of the NIKS loop in interaction with the ribosome, most probably with 
ribosomal RNA. 

4/3,AB/9 (Item 9 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

12769906 21601725 PMID : 11602578 

HIV-1 nucleocapsid protein and the secondary structure of the 
binary complex formed between tRNA (Lys . 3 ) and viral RNA template play 
different roles during initiation of (-) strand DNA reverse transcription. 

Rong L; Liang C; Hsu M; Guo X; Roques B P; Wainberg M A 

McGill AIDS Centre, Lady Davis Institute- Jewish General Hospital, 
Montreal, Quebec H3T 1E2 , Canada. 

Journal of biological chemistry (United States) Dec 14 2001, 276 (50) 

p47725-32, ISSN 0021-9258 Journal Code: 2985121R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

In human immunodeficiency virus type 1 (HIV-1), the tRNA (Lys . 3 ) primer 
and viral RNA template can form a specific complex that is 
characterized by extensive inter- and intramolecular interactions. 
Initiation of reverse transcription from this complex has been shown to be 
distinguished from subsequent elongation by early pausing events, such as 
at the +1 and +3 nucleotide positions. One major concern regarding the 
biological relevance of these results is that most kinetic studies of HIV-1 
reverse transcription have been performed using tRNA ( Lys . 3) -viral (v) 
RNA complexes that were formed by heat annealing. In contrast, 
tRNA (Lys. 3) in viruses is placed onto the primer binding site by 
nucleocapsid (NC) sequences of the Gag protein. In this study, we have 
further characterized the initiation features of reverse transcription in 
the presence of HIV-1 NC protein. In contrast to results obtained with a 
heat-annealed tRNA ( Lys . 3 ) . vRNA complex, we found that polymerization 
reactions catalyzed by HIV-1 reverse transcriptase did not commonly pause 



at the +1 nucleotide position when a NC-annealed RNA complex was 
used, and that this was true regardless whether NC was actually still 
present during reverse transcription. ' This activity of NC required both 
zinc finger motifs, as demonstrated by experiments that employed zinc 
finger-mutated forms of NC protein (H23C NC and ddNC) , supporting the 
involvement of the zinc fingers in the RNA chaperone activity of NC. 
However, NC was not able to help reverse transcriptase to escape the +3 
pausing event. Mutagenesis of a stem structure within the 
tRNA (Lys . 3 ) . vRNA complex led to disappearance of the +3 pausing event as 
well as to significantly reduced rates of reverse transcription. 
Thus, this stem structure is essential for optimal reverse 
transcription, despite its role in promotion of the +3 pausing event. 
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Recently, anaerobic ammonium-oxidizing bacteria (AAOB) were identified by 
comparative 16S rDNA sequence analysis as a novel, deep-branching lineage 
within the Planctomycetales . This lineage consists currently of only two, 
not yet culturable bacteria which have been provisionally described as 
Candidatus 1 Brocadia anammoxidans ' and Candidatus ' Kuenenia 

stuttgartiensis ' . In this study, a large fragment of the rDNA operon, 
including the 16S rDNA, the intergenic spacer region (ISR) and 
approximately 2 0 00 bases of the 23S rDNA, was polymerase chain 
reaction (PCR) amplified, cloned and sequenced from both AAOB. The 
retrieved 16S rDNA sequences of both species contain an insertion at helix 
9 with a previously overlooked pronounced secondary structure 
(new subhelices 9a and 9b) . This insertion, which is absent in all other 
known prokaryotes, is detectable by fluorescence in situ hybridization 
(FISH) and thus present in the mature 16S rRNA. In contrast with the genera 
Pirellula, Planctomyces and Gemmata that possess unlinked 16S and 23S rRNA 
genes, both AAOB have the respective genes linked together by an ISR of 
approximately 450 bp in length. Phylogenetic analysis of the obtained 23S 
rRNA-genes confirmed the deep branching of the AAOB within the 
Planctomycetales and allowed the design of additional specific FISH probes. 
Remarkably, the ISR of the AAOB also could be successfully detected by FISH 
via simultaneous application of four monolabelled oligonucleotide probes. 
Quantitative FISH experiments with cells of Candidatus "Brocadia 
anammoxidans' that were inhibited by exposure to oxygen for different time 
periods demonstrated that the concentration of transcribed ISR reflected 
the activity of the cells more accurately than the 16S or 23S rRNA 
concentration. Thus the developed ISR probes might become useful tools for 
in situ monitoring of the activity of AAOB in their natural environment. 
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5-HT(2C) receptor {5HT(2C)R, serotonin-2C) RNA undergoes editing to 
produce several receptor variants, some with pharmacological differences. 
This investigation comprised two parts: the characterisation of 5-HT(2C)R 
RNA editing in a larger human control sample than previously 
examined, and a comparative study in subjects with schizophrenia. 
Secondary structure analysis of the putative edited region of 
the human 5-HT(2C)R gene predicted the existence of a double stranded (ds) 
RNA loop, essential for RNA editing in this receptor. RNA 

was then extracted from frontal cortex of five controls and five subjects 
with schizophrenia. RT-PCR products of the edited region were cloned and 
sequenced {n = 100) . Reduced RNA editing, increased expression 
of the unedited 5-HT(2C-lNI) isoform in schizophrenia {P = 0.001) and 
decreased expression of the 5-HT (2C-VSV) and 5 -HT (2C-VNV) isoforms were 
detected in the schizophrenia group. In addition, two novel mRNA edited 
variants were identified: 5-HT(2C-MNI) and 5 -HT {2C-VDI) . Screening of the 
5-HT(2C)R gene did not reveal any mutations likely to disrupt the dsRNA 
loop, suggesting that the reduced RNA editing in schizophrenia 
may instead be caused by altered activity of the editing enzyme (s) . Since 
the unedited 5-HT(2C-INI) is more efficiently coupled to G proteins than 
the other isoforms, its increased expression in schizophrenia may lead to 
enhanced 5-HT (2C) R-mediated effects. The results also illustrate that 
potentially important receptor alterations may occur in schizophrenia which 
are not detectable merely in terms of receptor abundance. 
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A binding site for TSAO-m{3)T at the interface between the p66 and p51 
subunits of HIV-1 reverse transcriptase (RT) and distinct from that of 
"classical" HIV-1 non-nucleoside inhibitors is proposed. The feasibility of 
the binding mode was assessed by carrying out nanosecond molecular dynamics 
simulations for the complexes of TSAO-m(3)T with reduced models of 
both the wild-type enzyme and a more sensitive R172A mutant. The molecular 
model is in agreement with a previous proposal, with known structure 
-activity and mutagenesis data for this unique class of inhibitors, and 
also with recent biochemical evidence indicating that TSAO analogues can 
affect enzyme dimerization . The relative importance of residues involved in 
dimer formation and TSAO-RT complex stabilization was assessed by a 



combination of surface area accessibility, molecular mechanics, and 
continuum electrostatics calculations. A structure-based modification 
introduced into the lead compound yielded a new derivative with improved 
antiviral activity. 
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Using reverse transcriptase -polymerase chain reaction (RT-PCR) , we 
have recently described a bona fide deletion within the coding sequence of 
the large subunit of ribonucleotide reductase (Rl) mRNA in colon 
cancer. Consecutive studies have raised questions about the nature of this 
phenomenon, because the corresponding genomic alteration at the DNA level 
or an aberrant protein could not be detected. Thus we considered an in 
vitro artifact during RT-PCR as a possible explanation for this 
observation. In contrast to reverse transcriptase, Taq DNA polymerase 
or C. therm DNA polymerase did not generate the aberrant product, 
suggesting the demand for the template switching activity intrinsic to 
retroviral reverse transcriptases. In fact, virtually the same deletion was 
observed in RT-PCR experiments when in vitro transcribed Rl mRNA was used. 
Considering structural prerequisites for template switching within Rl mRNA, 
we show that two direct repeats adjacent to a strong stem-loop 
secondary structure flank the deleted region of 1851 base 
pairs. Because several mRNAs encoding proteins of clinical and diagnostic 
importance fulfill these criteria, template switching enhances the 
potential risk of observing artifacts when interpreting results from RT-PCR 
studies. As shown in the present example, this may involve the artificial 
generation and the misinterpretation of PCR fragments amplified from 
targets relevant to tumor biology or cancer pharmacology. As a possible 
solution, one-step PCR with C. therm polymerase should be considered. 
This polymerase eliminates the artificial generation of aberrant mRNA 
signals observed during cDNA synthesis. 



4/3,AB/l4 (Item 14 from file: 155} 

DIALOG (R) File 155 : MEDLINE (R) 

11154328 21172431 PMID: 11274475 

Thermal and urea- induced unfolding in T7 RNA polymerase: 
calorimetry, circular dichroism and fluorescence study. 
Griko Y; Sreerama N; Osumi -Davis P; Woody R W; Woody A Y 

Department of Biology, Johns Hopkins University, Baltimore, Maryland 
21218-2685, USA. 

Protein science : a publication of the Protein Society (United States) 
Apr 2001, 10 (4) p845-53, ISSN 0961-8368 Journal Code: 9211750 
Contract/Grant No.: GM23697; GM; NIGMS 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 



Record type : Completed 

Structural changes in T7 RNA polymerase (T7RNAP) induced by 
temperature and urea have been studied over a wide range of conditions to 
obtain information about the structural organization and the stability of 
the enzyme. T7RNAP is a large monomeric enzyme (99 kD) . Calorimetric 
studies of the thermal transitions in T7RNAP show that the enzyme consists 
of three cooperative units that may be regarded as structural domains. 
Interactions between these structural domains and their stability strongly 
depend on solvent conditions. The unfolding of T7RNAP under different 
solvent conditions induces a highly stable intermediate state that lacks 
specific tertiary interactions, contains a significant amount of residual 
secondary structure , and undergoes further cooperative 
unfolding at high urea concentrations. Circular dichroism (CD) studies show 
that thermal unfolding leads to an intermediate state that has increased 
beta-sheet and reduced alpha-helix content relative to the native 
state. Urea-induced unfolding at 25 degrees C reveals a two-step process. 
The first transition centered near 3 M urea leads to a plateau from 3.5 to 
5.0 M urea, followed by a second transition centered near 6.5 M urea. The 
CD spectrum of the enzyme in the plateau region, which is similar to that 
of the enzyme thermally unfolded in the absence of urea, shows little 
temperature dependence from 15 degrees to 60 degrees C. The second 
transition leads to a mixture of poly (Pro) II and unordered conformations. 
As the temperature increases, the ellipticity at 222 nm becomes more 
negative because of conversion of poly(Pro)II to the unordered 
conformation. Near-ultraviolet CD spectra at 2 5 degrees C at varying 
concentrations of urea are consistent with this picture. Both thermal and 
urea denaturation are irreversible, presumably because of processes that 
follow unfolding. 
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The sigmaS and sigma70 subunits of Escherichia coli RNA 
polymerase recognize very similar promoter sequences. Therefore, many 
promoters can be activated by both holoenzymes in vitro. The same 
promoters, however, often exhibit distinct sigma factor selectivity in 
vivo. It has been shown that high salt conditions, reduced negative 
supercoiling and the formation of complex nucleoprotein structures in a 
promoter region can contribute to or even generate sigmaS selectivity. 
Here, we characterize the first positively acting sigmaS-selective feature 
in the promoter sequence itself. Using the sigmaS -dependent csiD promoter 
as a model system, we demonstrate that C and T at the -13 and -14 
positions, respectively, result in strongest expression. We provide 
allele-specif ic suppression data indicating that these nucleotides are 
contacted by K173 in region 2.5 of sigmaS. In contrast, sigma70, which 
features a glutamate at the corresponding position (E458) , as well as the 
sigmaS (K173E) variant, exhibit a preference for a G(-13). C{-13) is highly 
conserved in sigmaS -dependent promoters, and additional data with the osmY 
promoter demonstrate that the K173/C(-13) interaction is of general 
importance. In conclusion, our data demonstrate an important role for 
region 2.5 in sigmaS in transcription initiation. Moreover, we propose a 



consensus sequence for a sigmaS-selective promoter and discuss its 
emergence and functional properties from an evolutionary point of view. 
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The community structure of beta-subclass Proteobacteria 
ammonia-oxidizing bacteria was determined in semi -natural chalk grassland 
soils at different stages of secondary succession. Both 
culture-mediated (most probable number; MPN) and direct nucleic acid-based 
approaches targeting genes encoding 16S rRNA and the AmoA subunit of 
ammonia monooxygenase were used. Similar shifts were detected in the 
composition of the ammonia oxidizer communities by both culture -dependent 
and independent approaches. A predominance of Nitrosospira sequence cluster 
3 in early successional fields was replaced by Nitrosospira sequence 
cluster 4 in late successional fields. The rate of this shift differed 
between the two areas examined. This shift occurred in a background of 
relative stability in the dominant bacterial populations in the soil, as 
determined by domain- level polymerase chain reaction-denaturing 
gradient gel electrophoresis (PCR-DGGE) . Molecular analysis of enrichment 
cultures obtained using different ammonia concentrations revealed biases 
towards Nitrosospira sequence cluster 3 or Nitrosospira sequence cluster 4 
under high- or low-ammonia conditions respectively. High-ammonia MPNs 
suggested a decease in ammonia oxidizer numbers with succession, but 
low-ammonia MPNs and competitive PCR targeting amoA failed to support such 
a trend. Ammonia turnover rate, not specific changes in plant diversity and 
species composition, is implicated as the major determinant of ammonia 
oxidizer community structure in successional chalk grassland soils. 
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The objective of this study was to determine whether a mitochondrial DNA 
mutation and defective oxidative phosphorylation are present in a pedigree 
with maternally inherited sensorineural deafness, levodopa- responsive 



parkinsonism, and neuropathy. We sequenced the mitochondrial -encoded 
ribosomal RNA, cytochrome c oxidase, and transfer RNA genes by 
cycle sequencing. A polymerase chain reaction-based restriction 
enzyme assay with mismatched primers was employed to show heteroplasmy of a 
novel 12SrRNA mutation in the proband and to screen control subjects. 
Spectrophotometric mitochondrial respiratory chain assays were performed in 
transformed lymphoblasts from the proband and 12 normal controls. A novel, 
heteroplasmic, maternally inherited 12SrRNA point mutation (T1095C) was 
found in the pedigree. Respiratory chain enzyme analysis in cultured 
lymphocytes from the proband revealed a significant reduction in 
cytochrome c oxidase activity. Secondary structure predicts 
that this mutation disrupts a highly conserved loop in the small subunit 
ribosomal RNA, which is important in the initiation of mitochondrial 
protein synthesis. The mutation was not found in 270 controls of diverse 
ethnic origins. We conclude that this mutation is pathogenic and causes an 
oxidative phosphorylation defect by interfering with mitochondrial protein 
synthesis . 
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Human immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT) is 
a putative source of the genomic hypermutation that promotes rapid 
evolution of HIV-1. To understand the molecular strategies that create a 
highly mutagenic DNA polymerase active site in HIV-1 RT, we 
investigated the roles of four residues in the beta 8-alpha E loop. Glnl51, 
which interacts with the sugar of the incoming dNTP, and Lysl54, which 
interacts with the template, yielded site-directed mutants with increased 
fidelity, suggesting that these residues are directly involved in the 
mutagenic architecture of the active site. Mutations at Glnl51 and Lysl54 
also reduced processivity. Q151N RT showed enhanced ability to 
discriminate between TTP and AZT triphosphate, consistent with the 
observation that the Q151M mutation confers AZT resistance in vivo. 
Mutations at Glyl52 greatly decreased RT activity; molecular modeling 
suggests that Glyl52 is critical for the proper geometric alignment that 
permits base-pairing of the incoming dNTP with the template. Mutations at 
Trpl53 reduced the expression level, and presumably the stability, of 
RT proteins in bacteria. These observations support the conclusion that 
interactions of active site residues in the beta 8-alpha E loop with 
incoming dNTPs and the template are determinants of the accuracy, 
processivity, and substrate selectivity of HIV-1 RT. 
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We examined the structure, intranuclear distribution and activity 
of ribosomal DNA (rDNA) in Nicotiana sylvestris {2n = 2x = 24) and N. 
tomentosiformis (2n = 2x = 24) and compared these with patterns in N . 
tabacum {tobacco, 2n = 4x - 48) . We also examined a long-established N. 
tabacum culture, TBY-2. Nicotiana tabacum is an allotetraploid thought to 
be derived from ancestors of N. sylvestris (S -genome donor) and N. 
tomentosiformis (T-genome donor) . Nicotiana sylvestris has three rDNA loci, 
one locus each on chromosomes 10, 11, and 12. In root -tip meristematic 
interphase cells, the site on chromosome 12 remains condensed and inactive, 
while the sites on chromosomes 10 and 11 show activity at the proximal end 
of the locus only. Nicotiana tomentosiformis has one major locus on 
chromosome 3 showing activity and a minor, inactive locus on chromosome 11. 
In N. tabacum cv. 095-55, there are four rDNA loci on T3 , S10, Sll/t and 
S12 (Sll/t carries a small T-genome translocation) . The locus on S12 
remains condensed and inactive in root-tip meristematic cells while the 
others show activity, including decondensation at interphase and 
secondary constrictions at metaphase. Nicotiana tabacum DNA digested 
with methylcytosine-sensitive enzymes revealed a hybridisation pattern for 
rDNA that resembled that of N. tomentosiformis and not N. sylvestris. The 
data indicate that active, undermethylated genes are of the N. 
tomentosiformis type. Since S-genome chromosomes of N. tabacum show rDNA 
expression, the result indicates rDNA gene conversion of the active rDNA 
units on these chromosomes. Gene conversion in N. tabacum is consistent 
with the results of previous work. However, using primers specific for the 
S-genome rDNA intergenic sequences (IGS) in the polymerase chain 
reaction (PCR) show that rDNA gene conversion has not gone to completion in 
N. tabacum. Furthermore, using methylation- insensitive restriction enzymes 
we demonstrate that about 8% of the rDNA units remain of the N. sylvestris 
type (from ca. 75% based on the sum of the rDNA copy numbers in the 
parents) . Since the active genes are likely to be of an N. tomentosiformis 
type, the N. sylvestris type units are presumably contained within inactive 
loci (i.e. on chromosome S12). Nicotiana sylvestris has approximately three 
times as much rDNA as the other two species, resulting in much condensed 
rDNA at interphase. This species also has three classes of IGS, indicating 
gene conversion has not homogenised repeat length in this species. The 
results suggest that methylation and/or DNA condensation has reduced 
or prevented gene conversion from occurring at inactive genes at rDNA loci. 
Alternatively, active undermethylated units may be vulnerable to gene 
conversion, perhaps because they are decondensed and located in close 
proximity within the nucleolus at interphase. In TBY-2, restriction enzymes 
showed hybridisation patterns that were similar to, but different from, 
those of N. tabacum. In addition, TBY-2 has elevated rDNA copy number and 
variable numbers of rDNA loci, all indicating rDNA evolution in culture. 
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We have assessed the potential of using the spliced leader (SL) or 
mini-exon gene as a marker for molecular phylogenetic analysis of genus 
Trypanosoma. A total of 2 7 trypanosome sequences were compared, 18 of these 
being newly reported. In contrast to genus Leishmania, we found the 
non-transcribed spacer region of the SL locus in trypanosomes to be far too 
variable for informative comparison of all but the most closely related 
species. At the other extreme, the short (39 nt) SL exon was usually 
completely conserved and hence uninf ormative . The SL RNA showed 
variation in both length (97-152 nt) and sequence among different 
trypanosome species, with most variation occurring in stem-loop II. 
Consequently, this region could not be aligned with confidence in multiple 
sequence alignment, severely reducing the number of phylogenetically 
informative nucleotide positions. In computer simulation, most of the SL 
RNAs readily folded into the 3 stem- loop secondary structure 
predicted previously, but again stem-loop II was highly variable. No 
obvious correlation could be seen between the length of this stem-loop and 
trypanosome biology. We conclude that the SL repeat is not an informative 
phylogenetic marker for long range evolutionary studies of genus 
Trypanosoma . 
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We present a method that can significantly increase the complexity of 
protein libraries used for in vitro or in vivo protein selection 
experiments. Protein libraries are often encoded by chemically synthesized 
DNA, in which part of the open reading frame is randomized. There are, 
however, major obstacles associated with the chemical synthesis of long 
open reading frames, especially those containing random segments. 
Insertions and deletions that occur during chemical synthesis cause 
frameshifts, and stop codons in the random region will cause premature 
termination. These problems can together greatly reduce the number of 
full-length synthetic genes in the library. We describe a strategy in which 
smaller segments of the synthetic open reading frame are selected in vitro 
using mRNA display for the absence of frameshifts and stop codons. These 
smaller segments are then ligated together to form combinatorial libraries 
of long uninterrupted open reading frames. This process can increase the 
number of full-length open reading frames in libraries by up to two orders 
of magnitude, resulting in protein libraries with complexities of greater 
than 10(13). We have used this methodology to generate three types of 
displayed protein library: a completely random sequence library, a library 
of concatemerized oligopeptide cassettes with a propensity for forming 
amphipathic alpha-helical or beta-strand structures, and a library based on 
one of the most common enzymatic scaffolds, the alpha/beta (TIM) barrel. 
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A recently described new signal for transcription termination in vitro by 
T7 RNA polymerase has now been tested in vivo. This signal, 
identified during transcription of the cloned human preproparathyroid 
hormone (PTH) gene, is also found in the phage T7 genome, at the concatemer 
junction (CJ) . We introduced the 17-bp concatemer junction sequence at the 
ends of a test gene and control gene (both derived from T7 gene 9) in a T7 
vector previously used to study effects of rare codons on expression. The 
CJ elements replaced the original vector's RNase III processing sites, and 
a new T7 promoter was also introduced to drive the downstream (control) 
gene. We assayed for test and control gene mRNA and protein by direct 
labeling with [32P] phosphate and [35S] methionine . The altered vector with 
CJ sequences (pCTl.l) expressed the upstream test gene, but showed poor 
expression of the downstream control gene. No discrete T7 mRNA bands could 
be discerned by direct labeling with 32P. A precursor vector with only the 
control gene in single copy expressed the protein much better, suggesting 
that the inhibition of control gene expression in pCTl.l was a result of 
the upstream CJ element at the 3' end of the test gene. RT-PCR experiments 
were consistent with readthrough and possibly pausing at CJ. An RNA 

folding program predicts a highly stable secondary structure 
between the upstream CJ element and the control gene's translation start 
signals. These data support an interpretation that the CJ element is 
ineffective as a T7 transcription terminator in vivo in this vector, and 
that structure of the readthrough transcript blocks ribosome access 
to the downstream translation start. The readthrough transcripts are also 
likely to be less stable than properly terminated or processed T7 mRNA, 
because levels of test protein expression in pCTl.l were reduced 
compared to original vector, and basal expression was negligible, while the 
original codon test vector shows substantial basal expression. 
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Human transcription factor IIF (TFIIF) is an alpha (2 ) beta (2 ) 



heterotetramer of RNA polymerase II-associating 74 (RAP74) and 
RAP30 subunits. Mutagenic analysis shows that the N-terminal region of 
RAP74 between L155 (leucine at codon 155) and M177 is important for 
initiation. Mutants in this region have reduced activity in 
transcription, but none are inactive. Single amino acid substitutions at 
hydrophobic residues L155, W164, 1176, and M177 have similar activity to 
RAP74 (1-158) , from which all but three amino acids of this region are 
deleted. Residual activity can be explained because each of these mutants 
forms a complex with RAP30 and recruits RNA polymerase II into 
the preinitiation complex. Mutants are defective for formation of the first 
phosphodiester bond from the adenovirus major late promoter but do not 
appear to have an additional significant defect in promoter escape. 
Negative DNA supercoiling partially compensates for the defects of TFIIF 
mutants in initiation, indicating that TFIIF may help to untwist the DNA 
helix for initiation. 
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PURPOSE: The two objectives of this study were to design potent 
phosphorothioate antisense oligonucleotides (AS-S-oligos) directed against 
the human interleukin- 10 (IL-10) gene product and to reveal the DNA 
sequence which best activates antisense effects. METHODS: The design of 
potent AS-S-oligo was performed by using melting temperature (Tm) value of 
a DNA/RNA hybrid calculated by the nearest neighbor method and a 
secondary structure of human IL-10 mRNA suggested by RNA 

folding algorithms. U937 cells were used to estimate the antisense effect 
of the AS-S-oligos. RESULTS: Of the eight candidates selected as potent 
AS-S-oligos on the basis of having higher Tm values and favorable 
secondary structures of the IL-10 mRNA, AS-S-oligos directed against 
the translated (AS367 -S-oligo) and 3 ' -untranslated (AS637 -S-oligo) region 
of IL-10 mRNA showed the strongest inhibitory effects on IL-10 production 
and this inhibition was dose- and time-dependent. Reverse transcription- 
polymerase chain reaction (RT-PCR) revealed that the antisense 
effects of AS-S-oligos originated from a specific reduction of target 
IL-10 mRNA by hybridization with AS367- and AS637 -S-oligos . In addition, 
these AS-S-oligos did not affect human tumor necrosis factor-alpha 
(TNF-alpha) production in the cells stimulated by lipopolysaccharide (LPS) . 
Strong positive correlations between the inhibitory effect of AS-S-oligos 
on the IL-10 production and not only Tm values calculated by nearest 
neighbor method but also Tm values determined by absorbance versus 
temperature profiles were demonstrated except for AS25 -S-oligo and 
AS 12 4 9 -S-oligo. CONCLUSIONS: These findings suggest AS367- and 
AS637-S-oligos powerfully inhibit IL-10 production in U937 cells via an 
antisense mechanism. In addition, it is suggested efficiency of AS-S-oligo 
directed against the sequence of the target gene product can be explained 
by these Tm values and the proposed secondary structures of the 
target gene product. 
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The IS 2 00 transposase, a 16 kDa polypeptide encoded by the single open 
reading frame (ORF) of the insertion element, has been identified using an 
expression system based on T7 RNA polymerase. In wild-type IS 
200, two sets of internal inverted repeats that generate RNA 
secondary structures provide two independent mechanisms for 
repression of -transposase synthesis. The inverted repeat located near the 
left end of IS 200 is a transcriptional terminator that terminates 
read-through transcripts before they reach the IS 200 ORF. The terminator 
is functional in both directions and may terminate >80% of transcripts. 
Another control operates at the translational level : transposase synthesis 
is inhibited by occlusion of the ribosome -binding site (RBS) of the IS 2 00 
ORF. The RBS (5 1 -AGGGG-3 ' ) is occluded by formation of a mRNA stem-loop 
structure whose 3 ' end is located only 3 nt upstream of the start 
codon. This mechanism reduces transposase synthesis approximately 
10 -fold. Primer extension experiments with AMV reverse transcriptase have 
provided evidence that this stem- loop RNA structure is actually 
formed. Tight repression of transposase synthesis, achieved through 
synergistic mechanisms of negative control, may explain the unusually low 
transposition frequency of IS 200. 
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Hepatitis B virus (HBV) DNA polymerase (P) is translated from a 
bicistronic pregenomic RNA via a ribosomal leaky scanning mechanism. 
Another viral transcript, the preC RNA, differs from pregenomic 
RNA by the presence of some 30 nt at the 5' end that encompass the 
preC initiation codon. This RNA is used exclusively for expression of 
the precore protein which is a precursor of secreted HBeAg. Factors leading 
to inefficient translation of the P and C proteins from the preC RNA 
were explored using a genetic approach in transient transfection assays. 
Our data indicate that when translating the precore protein, the elongation 
arrest that occurs during targeting of nascent polypeptide chains to the 
endoplasmic reticulum interferes with the scanning of the 40S ribosomal 
subunits. Such interference seems to hinder initiation of the ribosomes at 



the downstream genes. Furthermore, the presence of the preC initiator codon 
in the preC mRNA has resulted in a reduction in the number of 
scanning ribosomes reaching the C and P initiator codons compared with the 
case of pregenomic RNA. Finally, although the preC initiator codon is 
in a suboptimal context for translation initiation, an RNA 
secondary structure , the encapsidation signal, located 
downstream to the initiator codon is shown to enhance codon recognition, 
resulting in a depletion of the number of 40S ribosomal subunits available 
for scanning of the downstream AUG codons. This study demonstrates that the 
HBV encapsidation signal plays an additional role in facilitating 
recognition of the preC initiator codon. 
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The B2 family represents a group of short repetitive sequences that are 
found throughout the rodent genome and are analogous to the human Alu 
sequences. Certain B2 subfamilies are transcribed by RNA 
polymerase III (pol III) , and this transcription is in part 
controlled by the retinoblastoma protein. In addition to their putative 
role in retrotranspositional events, these actively transcribed B2 RNAs 
show a predicted highly stable secondary structure. Although B2 
transcripts are normally confined to the nucleus, they demonstrate altered 
compartmentation after carcinogen treatment, in cancers, and in 
immortalized and/or transformed cell lines, the significance of which is 
unclear. Because modulation of B2 transcripts did not seem feasible with an 
antisense approach, we designed a triple ribozyme (TRz) construct to 
down-regulate B2 transcripts. The B2-targeted TRz undergoes efficient 
self -cleavage, resulting in liberation of the internal hammerhead Rz, which 
we targeted to a single -stranded region of the consensus B2 sequence. The 
liberated internal targeted Rz was 20 times more active than the 
corresponding double -G mutant construct that could not undergo 
self -cleavage, and 5 times more active than the same Rz flanked by 
nonspecific vector sequences. The B2 -targeted TRz was used to develop 
stable transfectant clones from an SV4 0- immortalized hepatocyte cell line. 
These transfectant clones all showed variably reduced growth rates, 
accompanied by significant reductions in both cytoplasmic and nuclear 
B2 RNA levels: linear regression analyses showed that their growth 
rates were directly related to residual cytoplasmic B2 levels. 
Reverse-transcription polymerase chain reaction (RT-PCR) analyses 
documented efficient self -liberation of the internal targeted Rz in vivo, 
and showed that the relative cytoplasmic expression levels generally 
paralleled the magnitude of the decrease in B2 transcripts. The RT-PCR 
analyses further demonstrated that up to 2 0% of the Rz was located in the 
nucleus, which presumably reflects competition between autocatalytic 
processing and nucleocytoplasmic transport of the initial TRz transcript. 
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A stem-loop structure at the 5» end of the R region of the long 
terminal repeat (LTR) of the murine leukemia virus SL3 and other type C 
mammalian retroviruses is important for maximum levels of expression of a 
reporter gene under the control of the viral LTR. This element, termed the 
R region stem-loop (RSL) , has a small effect on transcriptional initiation 
and no effect on RNA polymerase processivity . Its major effect 
is on posttranscriptional processing of LTR-driven transcripts. Here we 
tested whether the RSL affected the production of RNAs from a full-length 
SL3 genome. Mutation of the RSL in the 5' LTR of SL3 reduced the 
cytoplasmic levels of full-length viral transcripts but not those of 
spliced, env mRNA transcripts. Thus, the RSL specifically affected the 
cytoplasmic levels of the unspliced viral RNA . To test further 
whether the effect was specific for unspliced transcripts, a system was 
devised in which the expression of a reporter gene under the control of the 
viral LTR was tested in the presence or absence of an intron. Mutation of 
the RSL resulted in only about a twofold decline in the level of reporter 
gene expression when the transcripts contained an intron. However, when the 
intron was removed, mutation of the RSL reduced expression of the 
reporter gene about 10- to 60-fold in various cell lines. The 
secondary structure of the RSL was essential for its activity 
on the intronless transcript. Thus, the RSL appears to be important for the 
cytoplasmic accumulation of unspliced viral RNA and unspliced 
RNA from chimeric transcription units under the control of the viral 
LTR. 
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Some retroviruses with an extended repeat (R) region encode the 
polyadenylation signal within the R region such that this signal is present 
at both the 5' and 3' ends of the viral transcript. This necessitates 
differential regulation to either repress recognition of the 5' 
polyadenylation signal or enhance usage of the 3' signal. The human 



immunodeficiency virus type 1 (HIV-1) genome encodes an inherently 
efficient polyadenylation signal within the 97 -nucleotide R region. 
Polyadenylation at the 5» HIV-1 polyadenylation site is inhibited by 
downstream splicing signals, and usage of the 3* polyadenylation site is 
triggered by an upstream enhancer element. In this paper, we demonstrate 
that this on-off switch of the HIV-1 polyadenylation signal is controlled 
by a secondary RNA structure that occludes part of the 

AAUAAA hexamer motif, which we have termed the polyA hairpin. Opening the 
5 1 hairpin by mutation triggered premature polyadenylation and caused 
reduced synthesis of viral RNA, indicating that the RNA 
structure plays a pivotal role in repression of the 5' 
polyadenylation site. Apparently, the same hairpin structure does not 
interfere with efficient usage of the 3' polyadenylation site, which may be 
due to the presence of the upstream enhancer element. However, when the 3' 
hairpin was further stabilized by mutation, we measured a complete loss of 
3' polyadenylation. Thus, the thermodynamic stability of the polyA hairpin 
is delicately balanced to allow nearly complete repression of the 5 1 site 
yet efficient activation of the 3' site. This is the first report of 
regulated polyadenylation that is mediated by RNA secondary 
structure . A similar hairpin motif that occludes the polyadenylation 
signal can be proposed for other lentiviruses and members of the 
spumaretroviruses, suggesting that this represents a more general gene 
expression strategy of complex retroviruses. 
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Dihydropteridine reductase (DHPR) is an enzyme involved in 
recycling of tetrahydrobiopterin (BH4 ) , the cof actor of the aromatic amino 
acid hydroxylases. Its deficiency is characterized by hyperphenylalaninemia 
due to the secondary defect of phenylalanine hydroxylase and 
depletion of the neurotransmitters dopamine and serotonin, whose syntheses 
are controlled by tryptophan and tyrosine hydroxylases. The DHPR cDNA has 
been cloned and mapped on 4pl5.3. In the present study we report the 
genomic structure of the DHPR gene (QDPR) . This gene includes seven 
exons within a range of 84-564 bp; the corresponding introns are flanked by 
canonic splice junctions. We also present a panel of PCR primers 
complementary to intronic sequences that greatly facilitates amplification 
of the gene and provides a genomic DNA approach for mutation detection. We 
have used this approach to study six patients with DHPR deficiency. Four 
known mutations (G2 3D, H15 8Y, IVS5G+ 1A, R221X) and two new mutations 
(Y150C and G2l8ins9bp) were found. The Y150C mutation was found in compound 
heterozygosity with G23D, a mutation always associated with a severe 
phenotype in homozygous patients. This patient has an intermediate 
phenotype (good response to monotherapy with BH4) . The mutant enzyme for 
Y150C was expressed in an E. coli system. Comparison of its kinetic 
parameters with those of the G2 3D mutant enzyme showed that it is not as 
effective as the wild-type enzyme, but is more active than the G23D mutant. 



This patient's intermediate phenotype is thus due to the mild DHPR mutation 
Y15 0C. Correlations between genotypes and phenotypes were also found for 
the other mutations. 
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Albright hereditary osteodystrophy (AHO) , a disorder characterized by 
skeletal abnormalities and obesity, is associated with heterozygous 
inactivating mutations in the gene for Gsalpha. A novel Gsalpha mutation 
encoding the substitution of tryptophan for a nonconserved arginine within 
the switch 3 region {Gsalpha R258W) was identified in an AHO patient. 
Although reverse transcription-polymerase chain reaction studies 
demonstrated that mRNA expression from wild type and mutant alleles was 
similar, Gsalpha expression in erythrocyte membranes from the affected 
patient was reduced by 50%, A Gsalpha R258W cDNA, as well as one with 
arginine replaced by alanine (Gsalpha R258A) , was generated, and the 
biochemical properties of in vitro transcription/translation products were 
examined. When reconstituted with eye- membranes, both mutant proteins were 
able to stimulate adenylyl cyclase normally in the presence of guanosine- 
5 ' -O- (3-thiotriphosphate) (GTPgammaS) but had decreased ability in the 
presence of isoproterenol or A1F4- {a mixture of 10 microM A1C13 and 10 mM 
NaF) . The ability of each mutant to bind and be activated by GTPgammaS or 
A1F4- was assessed by trypsin protection assays. Both mutants were 
protected normally by GTPgammaS but showed reduced protection in the 
presence of A1F4-. The addition of excess GDP (2 mM) was able to rescue the 
ability of A1F4- to protect the mutants, suggesting that they might have 
reduced affinity for GDP. A Gsalpha R258A mutant purified from 
Escherichia coli had decreased affinity for GDP and an apparent rate of GDP 
release that was 10 -fold greater than that of wild type Gsalpha. Sucrose 
density gradient analysis demonstrated that both Gsalpha R258W and Gsalpha 
R2 5 8A were thermolabile at higher temperatures and that denaturation of 
both mutants was prevented by the presence of 0.1 mM GTPgammaS or 2 mM GDP. 
The crystal structure of Gsalpha demonstrates that Arg258 interacts 
with a conserved residue in the helical domain (Glnl70) . Arg258 
substitutions would be predicted to open the cleft between the GTPase and 
helical domains, allowing for increased GDP release in the inactive state, 
resulting in enhanced thermolability and reduced A1F4 --induced 
adenylyl cyclase stimulation and trypsin protection, since activation by 
A1F4- requires bound GDP. 
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Graft-versus-host disease (GVHD) is a feared complication of allogeneic 
bone marrow transplantation. Research in rodent models has linked perforin 
and Fas ligand {FasL) , two components of independent lytic pathways, with 
the induction of GVHD. In this study we characterized two hammerhead 
ribozymes that cleave their target perforin and Fas ligand RNAs with high 
efficiency in CTLL-2 cells. The perforin and Fas ligand ribozymes were 
expressed from a tRNA-directed RNA polymerase III promoter that 
was inserted in an episomal multicopy plasmid derived from papilloma virus. 
Chimeric anti-perf orin and anti-FasL t RNA- ribozymes had sequences 
engineered in order to have specific secondary structure 
effects. These sequence modifications allow the formation of a 5 ' --> 3' 
stem structure and also place the ribozyme in a flexible bulge region 
that keeps the ribozyme separated from the tRNA domain. Northern and RT in 
situ PCR analyses showed high levels of transcription and efficient 
transportation to the cytoplasm. The expression of perforin and FasL in 
CTLL-2 cells was significantly reduced as assessed by RNA and 
protein analyses . 
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We have developed a simple and safe method for the determination of a 
transcription-initiation site. In this method, reverse transcriptase of the 
avian myeloblastosis virus or rTth DNA polymerase from Thermus 
thermopilus was used with a fluorescein isothiocyanate (FITC) -labeled 
primer. The primer-extension reaction can be performed at a high 
temperature^. which reduces the hindering effect of " tne "* 
secoddarystructure in RNA, and can omit the annealing 
step between RNA and the primer. Almost all steps can be done in one 
tube. This procedure can provide reliable and reproducible data when 
compared with the conventional procedure at low temperature. Moreover, the 
sequencing ladder that is required for determining the position of extended 
products can be obtained with the same FITC-labeled primer. 
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Human immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT) 
displays a characteristic poor processivity during DNA polymerization. 
Structural elements of RT that determine processivity are poorly 
understood. The three-dimensional structure of HIV-1 RT, which 
assumes a hand- like structure , shows that the fingers, palm, and 
thumb subdomains form the template-binding cleft and may be involved in 
determining the degree of processivity. To assess the influence of fingers 
subdomain of HIV-1 RT in polymerase processivity, two insertions were 
engineered in the beta3-beta4 hairpin of HIV-1NL4-3 RT. The recombinant 
mutant RTs, named FE2 0 and FE103, displayed wild type or near wild type 
levels of RNA-dependent DNA polymerase activity on all 
templates tested and wild type or near wild type-like sensitivities to 
dideoxy-NTPs . When polymerase activities were measured under 
conditions that allow a single cycle of DNA polymerization, both of the 
mutants displayed 25-3 0% greater processivity than wild type enzyme. 
Homology modeling the three-dimensional structures of wild type HIV-1NL4-3 
RT and its finger insertion mutants revealed that the extended loop between 
the beta3 and beta4 strands protrudes into the cleft, reducing the 
distance between the fingers and thumb subdomains to approximately 12 A. 
Analysis of the models for the mutants suggests an extensive interaction 
between the protein and template-primer, which may reduce the degree 
of superstructure in the template-primer. Our data suggest that the 
beta3-beta4 hairpin of fingers subdomain is an important determinant of 
processive polymerization by HIV-1 RT. 
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The phosphoprotein (P) of vesicular stomatitis virus (VSV) is a subunit 
of the RNA polymerase (L) that transcribes the negative strand 
genome RNA into mRNAs both in vitro and in vivo. We have recently 
shown that the P protein of VSV, New Jersey serotype (PNJ) , expressed in E. 
coli, is biologically inactive unless phosphorylated at specific serine 
residues by cellular casein kinase II (CKII) . In the present work, we are 
studying the role of phosphorylation in the activation of the P protein of 
Indiana serotype (PIND) , which is highly nonhomologous in amino acid 
sequence yet structurally similar to its New Jersey counterpart. Despite 



the fact that E. coli -expressed PIND required phosphorylation by CKII for 
activation, the phosphorylation negative P protein mutants generated by 
altering the phosphate acceptors S and T to alanine, surprisingly, showed 
transcription activity similar to wild-type in vitro. Alteration of S and T 
residues to phenylalanine, similarly, supported substantial transcription 
activity (approx. 60% of wild- type ) , whereas substitution with arginine 
residue abrogated transcription (approx. 5% of wild-type) . In contrast, the 
same mutants, when expressed in eucaryotic cells, exhibited greatly 
reduced transcription activity in vitro. This disparate display of 
transcription phenotype by the PIND mutants expressed in bacteria and 
eucaryotic cells suggests that these mutants are unique in assuming 
different secondary structure or conformation when synthesized 
in two different cellular milieu. The findings that, unless phosphorylated 
by CKII, the bacterially expressed unphosphorylated (P0) form of PIND, as 
well as the phosphorylation negative mutants expressed in eucaryotic cells, 
demonstrates transcription negative phenotype indicate that, like PNJ, 
phosphorylation of PIND is essential for its activity. 
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Several models have been proposed for the mechanism of transcript 
termination by Escherichia coli RNA polymerase at 
rho -independent terminators. Yager and von Hippel (Yager, T. D. & von 
Hippel, P. H. (1991) Biochemistry 30, 1097-118) postulated that the 
transcription complex is stabilized by enzyme -nucleic acid interactions and 
the favorable free energy of a 12 -bp RNA -DNA hybrid but is 
destabilized by the free energy required to maintain an extended 
transcription bubble. Termination, by their model, is viewed simply as 
displacement of the RNA transcript from the hybrid helix by 
reformation of the DNA helix. We have proposed an alternative model where 
the RNA transcript is stably bound to RNA polymerase 

primarily through interactions with two single-strand specific RNA 
-binding sites; termination is triggered by formation of an RNA 

hairpin that reduces binding of the RNA to one RNA 
-binding site and, ultimately, leads to its ejection from the complex. To 
distinguish between these models, we have tested whether E. coli RNA 
polymerase can terminate transcription at rho- independent terminators 
on single -stranded DNA. RNA polymerase cannot form a 
transcription bubble on these templates; thus, the Yager-von Hippel model 
predicts that intrinsic termination will not occur. We find that transcript 
elongation on single -stranded DNA templates is hindered somewhat by DNA 
secondary structure. However, E. coli RNA 

polymerase efficiently terminates and releases transcripts at several 
rho- independent terminators on such templates at the same positions as 
termination occurs on duplex DNAs . Therefore, neither the nontranscribed 
DNA strand nor the transcription bubble is essential for rho -independent 
termination by E. coli RNA polymerase. 



4/3,AB/37 (Item 37 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 



09620423 98038746 PMID: 9372909 

Mutational analysis of the Dl/El core helices and the conserved 
N-terminal region of yeast transcription factor IIB (TFIIB) : identification 
of an N^terminal mutant that stabilizes TATA-binding protein-TFIIB-DNA 
complexes . 

Bangur C S; Pardee T S; Ponticelli A S 

Department of Biochemistry and Center for Advanced Molecular Biology and 
Immunology, School of Medicine and Biomedical Sciences, State University of 
New York at Buffalo, 14214-3000, USA. 

Molecular and cellular biology (UNITED STATES) Dec 1997, 17 (12) 
p6784-93, ISSN 0270-7306 Journal Code: 8109087 

Contract/Grant No.: GM51124; GM; NIGMS 

Document type : Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

The general transcription factor IIB (TFIIB) plays an essential role in 
transcription of protein-coding genes by RNA polymerase II. We 
have used site-directed mutagenesis to assess the role of conserved amino 
acids in several important regions of yeast TFIIB. These include residues 
in the highly conserved amino- terminal region and basic residues in the Dl 
and El core domain alpha-helices. Acidic substitutions of residues K190 
(Dl) and K2 01 (El) resulted in growth impairments in vivo, reduced 
basal transcriptional activity in vitro, and an inability to form stable 
TFIIB-TATA-binding protein-DNA (DB) complexes. Significantly, these mutants 
retained the ability to respond to acidic activators in vivo and to the 
Gal4-VP16 activator in vitro, supporting the view that these basic residues 
play a role in basal transcription. In addition, 14 single-amino-acid 
substitutions were introduced in the conserved amino-terminal region. Three 
of these mutants, the L50D, R64E, and R78L mutants, displayed altered 
growth properties in vivo and were compromised for supporting transcription 
in vitro. The L50D mutant was impaired for RNA polymerase II 
interaction, while the R64E mutant exhibited altered transcription start 
site selection both in vitro and in vivo and, surprisingly, was more active 
than the wild type in the formation of stable DB complexes. These results 
support the view that the amino-terminal domain is involved in the direct 
interaction between yeast TFIIB and RNA polymerase II and 
suggest that this domain may interact with DNA and/or modulate the 
formation of a DB complex. 
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Dengue virus infection has been counted among emerging and re-emerging 
diseases because of (1) the increasing number of patients, (2) the 
expansion of epidemic areas, and (3) the appearance of severe clinical 
manifestation of dengue hemorrhagic fever (DHF) /dengue shock syndrome 



(DSS) , which is often fatal if not properly treated. In the meantime, there 
are no effective dengue control measures: a dengue vaccine is still under 
development and vector control does not provide a long-lasting effect. In 
order to obtain direct evidence for the virulent virus theory concerning 
the pathogenesis of DHF/DSS, type 2 dengue virus strains isolated from 
patients with different clinical severities in the same epidemic area in 
northeast Thailand, during the same season, were comparatively sequenced. 
The result revealed a DF strain specific amino acid substitution from I to 
R in the PrM, and a DSS strain specific amino acid substitution from D to G 
in the NS1 gene regions, which could significantly alter the nature of 
these proteins. Moreover, DF strain specific nucleotide substitutions in 
the 3' noncoding region were predicted to alter its secondary 
structure . These amino acid and nucleotide substitutions in other 
strains isolated in different epidemic areas during other seasons, together 
with their biological significance, remain to be confirmed. In order to 
innovate dengue vector control, field tests were carried out in dengue 
epidemic areas in Vietnam to examine the efficacy of Olyset Net screen, 
which is a wide -mesh net made of polyethylene thread impregnated with 
permethrin. The results show that Olyset Net (1) reduced the number 
of principal dengue vector species, Aedes aegypti, (2) interrupted the 
silent transmission of dengue viruses and (3) was highly appreciated by the 
local people as a convenient and comfortable vector control method. This 
encouraging evaluation of the Olyset Net screen should be confirmed further 
by other tests under different settings. 
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Betaine improves the co-amplification of the two alternatively spliced 
variants of the prostate-specific membrane antigen mRNA as well as the 
amplification of the coding cDNA region of c-jun. It is suggested that 
betaine improves the amplification of these genes by reducing the 
formation of secondary structure caused by GC-rich regions and, 
therefore, may be generally applicable to ameliorate the amplification of 
GC-rich DNA sequences. 
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tat, an essential gene of human immunodeficiency virus, when placed under 
the control of the RNA polymerase III promoter from the 
adenovirus VA RNA1 gene, is transcribed into an uncapped and 
nonpolyadenylated mRNA. This VA-Tat RNA is translated to produce 
functional Tat protein in transfected mammalian cells (Gunnery, S., and 
Mathews, M. B. (1995) Mol . Cell. Biol. 15, 3597-3607). The presence of an 
upstream open reading frame (ORF) in VA-Tat RNA is inhibitory to the 
translation of the Tat ORF, suggesting that the RNA is scanned during 
translation even though it is uncapped. Because the effect of the upstream 
ORF is relatively small (about 2 -fold) , we sought more definitive evidence 
of scanning by introducing secondary structures of varying 
stabilities into the 5 • -untranslated region of VA-Tat RNA. The 
results of transfection experiments showed that highly stable 
secondary structure was inhibitory to Tat synthesis, whereas 
structures of lower stability were not inhibitory, confirming that uncapped 
mRNA is subject to scanning. Furthermore, translation of the downstream ORF 
was reduced but not eliminated by mutations that caused the upstream 
ORF to overlap the Tat ORF. Extending the overlap of the two ORFs further 
decreased the translation of the downstream ORF. This observation implies . 
that ribosomes reinitiate after termination, possibly after migrating in a 
3' to 5 ' direction through the overlap region of the mRNA. Similar results 
were obtained with a capped polymerase II transcript, indicating that 
the translation of polymerase II and polymerase III transcripts 
occurs through similar mechanisms. 
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The role of helix 6, which forms the major portion of the most 5 '-located 
expansion segment of Saccharomyces cerevisiae 18S rRNA, was studied by in 
vivo mutational analysis. Mutations that increased the size of the helical 
part and/or the loop, even to a relatively small extent, abolished 18S rRNA 
formation almost completely. Concomitantly, 35S pre-rRNA and an abnormal 
2 3S precursor species accumulated. rDNA units containing these mutations 
did not support cell growth. A deletion removing helix 6 almost completely, 
on the other hand, had a much less severe effect on the formation of 18S 
rRNA, and cells expressing only the mutant rRNA remained able to grow, 
albeit at a much reduced rate. Disruption of the apical A.U base pair 
by a single point mutation did not cause a noticeable reduction in 
the level of 18S rRNA but did result in a twofold lower growth rate of the 
cells. This effect could not be reversed by introduction of a second point 
mutation that restores base pairing. We conclude that both the primary and 
the secondary structure of helix 6 play an important role in 
the formation and the biological function of the 40S subunit. 
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The delta A factor of Bacillus subtilis DB1005 contains two amino acid 
substitutions (I198A and I202A) in the promoter- 10 binding region. It has 
been confirmed that this delta factor is responsible for the temperature 
sensitivity of B. subtilis DB1005 . An investigation was conducted into how 
the mutant delta A could cause temperature -sensitive (Ts) cell growth by 
analysing its structural stability, cellular concentration and 
transcriptional activity. The mutant delta A was unstable even at the 
permissive temperature of 37 degrees C (tl/2 59 min) , whereas the wild-type 
counterpart was fairly stable under the same conditions (tl/2 > 600 min) . 
However, neither wild-type delta A nor mutant delta A was stable at 4 9 
degrees C (tl/2 34 min and 23 min, respectively) . Analyses of the rates of 
delta A synthesis revealed that B. subtilis DB1005 was able to compensate 
for unstable delta A by elevating the level of delta A at 37 degrees C but 
not at 4 9 degrees C. Moreover, overexpression of the mutant delta A at 4 9 
degrees C could not suppress the Ts phenotype of B. subtilis DB1005. This 
indicates that the temperature sensitivity of B. subtilis DB1005 is not due 
to insufficient delta A concentration in the cell. The greater decline of 
an already reduced activity of the mutant delta A at 4 9 degrees C 
suggests that the temperature sensitivity of B. subtilis DB1005 is instead 
the result of a very low activity of delta A; probably below a critical 
level necessary for cell growth. 
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A structural motif at the 5' end of human 7S L (srp) RNA that is 
recognized specifically by cellular proteins has been identified as an 
efficient activator of RNA polymerase (pol) III transcription 
in vivo and in vitro. Mutations affecting three double -stranded regions or 
a tetranucleotide bulge of this RNA motif result in strongly 
reduced expression rates. However, effective suppression is achieved 
by compensatory mutations restoring RNA sequence complementarity. 
This activation of transcription is also observed in the context of another 
pol III promoter and is position-dependent. The effects observed are 
reminiscent of the Tat-TAR trans -activation of the human immunodeficiency 
virus and attribute a novel function to the structure of cellular 
small stable RNA. 
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theta-Toxin (perf ringolysin 0), secreted by Clostridium perf ringens, 
shares with other known thiol -activated toxins a conserved undecapeptide, 
ECTGLAWEWWR, located in the C-terminal region of the protein and containing 
the unique cysteine of the molecule. Single and double amino acid 
substitutions were created in the theta-toxin molecule to investigate the 
role of individual tryptophan residues in the lytic activity of 
theta-toxin. Wild- type and mutant theta-toxins were overproduced in 
Escherichia coli by means of a T7 RNA poly mer ase/promo ter 
system and purified. The relative hemolytic activities of four mutant 
toxins, each with a Trp to Phe substitution outside the common 
Cys- containing region, were more than 60% that of wild-type theta-toxin. In 
contrast, mutant toxins with Phe replacements within the Cys -containing 
region (at Trp436, Trp438 or Trp439) showed significantly reduced 

hemolytic and erythrocyte -membrane -binding activities. The largest 
reduction in binding affinity, more than 100 -fold, was observed for 
Trp438 mutant toxins. However, the mutants retain binding specificity for 
cholesterol and the ability to form arc -shaped and ring-shaped structures 
on membranes. These results indicate that the low hemolytic activities of 
these mutant toxins can be ascribed, at least in part, to reduced 
binding activities. With respect to protease susceptibility and 
far-ultraviolet circular-dichroism spectra, only the W436-->F mutant toxin, 
showed any considerable difference from wild- type toxin in secondary 
or higher-order structures, indicating that Trp436 is essential for 
maintenance of toxin structure. 

4/3,AB/45 (Item 45 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09195650 97116021 PMID: 8957113 

Isolation and expression of a cDNA clone encoding an Alternaria alternata 
Alt a 1 subunit. 

De Vouge M W; Thaker A J; Cur ran I H; Zhang L; Muradia G; Rode H; Vijay H 

M 

Life Sciences Division, Bureau of Drug Research, Health Canada, Ottawa. 
International archives of allergy and immunology (SWITZERLAND) Dec 1996 
, 111 (4) p385-95, ISSN 1018-2438 Journal Code: 9211652 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Alternaria alternata is recognized as an important source of fungal 
aeroallergens . Alt a 1, the major allergen of this mold, is a dimer of 
disulfide- linked subunits that migrate in SDS-PAGE under reducing 
conditions at apparent M(r)s of 14,500 and 16,000. IgE antibodies to this 
protein are present in the sera of >90% of A. alternata- sensitive 
individuals. Previous studies from this laboratory showed that the 
N-termini twenty amino acids of the purified subunits are nearly identical. 
We now report the isolation of clones from an A. alternata (strain 34-016) 



cDNA library constructed in lambda (gt) 11, using rabbit IgG antiserum 
against partially purified Alt a 1. One of nineteen clones selected from 
screens totalling 3 05,000 pfu (rb51) was sequenced, and determined to 
harbor an insert of 660 bp. An in- frame open reading frame within the 
cloned insert encodes a peptide of M(r) 16,960 that bears no significant 
homology to known allergens or proteins. The size of the rb51 transcript 
was determined to be approximately 0.7 kb by Northern analysis of A. 
alternata total RNA. The largely hydrophobic N- terminal region of the 
peptide contains an alpha-helical domain and other features characteristic 
of membrane targeting or secretory signals. The peptide sequence downstream 
of this region matches previously sequenced Alt a 1 N- terminal from two 
independent sources at 17 of 20, and 24 of 26 positions. Recombinant Alt a 
1 expressed as a secreted protein in Pichia pastoris exists as a dimer in 
conditioned medium, as shown by immunoblotting under nonreducing 
conditions. Recombinant Alt a 1, like the natural allergen in A. alternata 
extracts, is also reactive with serum IgE from A. alternata-sensitive 
individuals . 
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To produce large cDNA strands from biological samples containing limited 
numbers of template molecules, it may be necessary to minimize both 
nonspecific primer attachment in first -strand synthesis and secondary 

structure in RNA molecules. Failure to do so could result in 
the accumulation of shortened cDNA strands and therefore may reduce 
the yield of large cDNA molecules, sometimes below detection level. We show 
that 5.0-kb cDNA fragments can be generated from simian immunodeficiency 
virus RNA in a specific reverse transcription (RT) -PCR by increasing 
the stringency of the primer-annealing conditions, followed by the 
elimination of excess free primer. Since this method utilizes a relatively 
long primer in the first-strand cDNA synthesis, it is possible to 
heat-denature the nonspecific RNA/primer complexes and RNA 
secondary structure without dissociating the primer from the 
specific template. In contrast to classic RT assays, in which an excess of 
primer is annealed to denatured RNA just prior to and during reverse 
transcription at relative low temperatures (37 degrees -42 degrees C) , this 
method eliminates false priming. To optimize the yield and fidelity of 
full-length cDNA molecules, two PCR amplifications are first performed 
using both Taq and Pfu polymerase , followed by Pfu alone in the 
seconcL amplification. 
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Epstein-Barr virus (EBV) BALF2 gene product is one of the essential 
components in the lytic phase of the EBV DNA replication. The BALF2 protein 
was purified to near homogeneity from the nuclear extract of B95-8 cells 
with virus productive cycle induced by chemical agents. SDS-polyacrylamide 
gel electrophoresis showed the presence of a single polypeptide with a 
molecular weight of 130 K, which was identified as BALF2 protein by Western 
immunoblot analysis. On Superose 6 HR 10/30 gel filtration the BALF2 
protein eluted at a position corresponding to an apparent molecular mass of 
approximately 12 8 K, indicating that the BALF2 protein behaves as a monomer 
in solution. The purified BALF2 protein bound to single-stranded DNA 
preferentially over double -stranded DNA or single -stranded RNA . 
Replication of singly primed M13 single- stranded DNA by the EBV DNA 
polymerase complex in the absence of the BALF2 protein exhibited a 
highly processive mode of replication and generated full length products in 
addition to some bands of pausing sites. Although the addition of the BALF2 
protein did not affect the replication rate, the average chain length of 
the replication products was slightly increased with eliminating bands of 
pausing sites. Similar effects were observed with the reconstituted 
polymerase complex composed of the BALF5 and BMRF1 Pol subunits. On 
the other hand, in the absence of the BALF2 protein, the BALF5 Pol 
catalytic subunit alone extended the primer slightly and paused at specific 
sites on M13 ssDNA template where stable secondary structure is 
predicted. However, addition of the BALF2 protein, in contrast to the case 
of herpes simplex virus ICP8 which does not affect the overall distribution 
of length of the replication products synthesized by the HSV Pol catalytic 
subunit (Gottlieb et al . , 1990, J. Virol. 64, 5976-5987), stimulated DNA 
synthesis and yielded a distribution of replication products with long 
lengths in addition to full length products. Although the BALF2 protein 
behaved as if it converts a low processive enzyme of the EBV Pol catalytic 
subunit to a highly processive form like the BMRF1 Pol accessory subunit, 
challenger DNA experiments revealed that the EBV Pol catalytic subunit is 
transferred to challenger DNA even in the presence of the BALF2 protein. It 
is therefore likely that the EBV BALF2 protein functions to melt out the 
regions of secondary structure on the single -stranded DNA 
template, thereby reducing and eliminating pausing of the EBV DNA 
polymerase at specific sites. These properties indicate that the EBV 
BALF2 protein acts as a single-stranded DNA-binding protein during lytic 
phase of EBV DNA replication. 
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The roles of disulfide and sulfhydryl groups in the specific binding of 
TRH to its receptor have been examined. In all TRH receptors (TRH-Rs) 



isolated from different species so far, there are only two extracellular 
cysteine residues (Cys98 in the extracellular loop between transmembrane 
helices 2 and 3 and Cysl79 in the extracellular loop between transmembrane 
helices 4 and 5) that are in positions homologous to cysteine residues in 
other G protein-coupled receptors. Another Cys (CyslOO) is located in close 
proximity to Cys98 at the interface between the first extracellular loop 
and third transmembrane domain. To assess the role of these TRH-R Cys 
residues in disulfide bonding interactions, they were mutated to either Ser 
or Ala. Six mutant receptors (Cys98Ser, Cys98Ala, Cysl79Ser, Cysl79Ala, 
CyslOOSer, and CyslOOAla) were expressed in COS-1 cells and tested for 
their ability to bind TRH and to activate total inositol phosphate (IP) 
formation. TRH-R mutants CyslOOSer and CyslOOAla showed TRH binding 
affinities and IP activation similar to the wild-type (WT) . In contrast, 
mutants Cys98Ser, Cys98Ala, Cysl79Ser, and Cysl79Ala showed no high 
affinity TRH binding. The potencies of Cys98Ala and Cysl79Ala as measured 
by IP stimulation were decreased by four orders of magnitude when compared 
with WT. Cys98Ser potency decreased by five orders of magnitude, whereas 
Cysl79Ser showed no IP production. Northern blotting confirmed expression 
of all the mutant TRH-Rs at the messenger RNA (mRNA) level. An 
epitope tag derived from the Haemophilus influenza hemagglutinin protein 
was incorporated at the NH2 termini of the TRH-R WT and TRH-R Cys mutants 
to allow the independent assessment of cell surface expression of receptor 
protein. TRH-R mutants that failed to show receptor binding (Cys98Ser, 
Cys98Ala, Cysl79Ala) showed WT levels of cell surface receptor expression, 
indicating that loss of receptor binding in these mutants is not 
attributable to loss of receptor expression. In contrast, cell surface 
expression of Cysl79Ser, which showed no ligand induced IP stimulation, 
could not be detected. Dithiothreitol , a disulfide bond reducing 
agent, and p-chloromercuribenzoic acid (p-CMB) , a sulfhydryl blocking 
compound, reduced specific TRH binding in a dose -dependent manner. 
The inhibition of binding by dithiothreitol implies that the integrity of a 
disulfide bond is important for TRH binding to its receptor. The dramatic 
inhibition of TRH binding by p-CMB indicates that free sulfhydryl groups 
are also associated with the binding of the ligand to its receptor. This 
study presents evidence that a disulfide bond exists between Cys98 and 
Cysl79 which is essential for maintaining the receptor in the correct 
conformation for ligand binding. CyslOO is not thought to have a disulfide 
bonding interaction role. Results obtained after chemical modification have 
shown that free sulfhydryl groups within the TRH-R may also have a role in 
ligand interactions. 
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The first 96 nucleotides of the 5'noncoding region (NCR) of West Nile 
virus (WNV) genomic RNA were previously reported to form 
thermodynamically predicted stem-loop (SL) structures that are conserved 
among f laviviruses . The complementary minus-strand 3" NCR RNA, which 
is thought to function as a promoter for the synthesis of plus -strand 
RNA, forms a corresponding predicted SL structure . RNase 
probing of the WNV 3 1 minus -strand stem-loop RNA [WNV (-)3' SL 



RNA] confirmed the existence of a terminal secondary- 
structure . RNA-protein binding studies were performed with BHK 
S100 cytoplasmic extracts and in vitro-synthesized WNV (-)3' SL RNA 

as the probe. Three RNA-protein complexes (complexes 1,2, and 3) 
were detected by a gel mobility shift assay, and the specificity of the 
RNA -protein interactions was confirmed by gel mobility shift and 
UV-induced cross-linking competition assays. Four BHK cell proteins with 
molecular masses of 108, 60, 50, and 42 kDa were detected by UV-induced 
cross-linking to the WNV {-)3' SL RNA. A preliminary mapping study 
indicated that all four proteins bound to the first 75 nucleotides of the 
WNV 3' minus-strand RNA, the region that contains the terminal SL. A 
flavivirus resistance phenotype was previously shown to be inherited in 
mice as a single, autosomal dominant allele. The efficiencies of infection 
of resistant cells and susceptible cells are similar, but resistant cells 
(C3H/RV) produce less genomic RNA than congenic, susceptible cells 
(C3H/He) . Three RNA -protein complexes and four UV-induced 
cross-linked cell proteins with mobilities identical to those detected in 
BHK cell extracts with the WNV (-)3> SL RNA were found in both C3H/RV 
and C3H/He cell extracts. However, the half -life of the C3H/RV complex 1 
was three times longer than that of the C3H/He complex 1. It is possible 
that the increased binding activity of one of the resistant cell proteins 
for the flavivirus minus -strand RNA could result in a reduced 

synthesis of plus -strand RNA as observed with the flavivirus 
resistance phenotype. 
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Human ferredoxin, the human equivalent of bovine adrenodoxin, is a small 
iron-sulfur protein with one [2Fe-2S] cluster. It functions, as do other 
vertebrate ferredoxins, to transfer electrons during the processes of 
steroid hormone synthesis. A DNA fragment encoding the mature form of human 
ferredoxin was cloned into an expression vector under control of the T7 
RNA polymerase/promoter system. The protein was overproduced in 
Escherichia coli, and the [2Fe-2S] cluster was incorporated into the 
protein by in vitro reconstitution. The overall yield was approximately 30 
mg of purified, reconstituted ferredoxin per liter of culture. Four of the 
five cysteines in human ferredoxin are coordinated to the iron-sulfur 
cluster. First, the non-ligand cysteine (cysteine-95) was mutated to 
alanine, and then double mutants were created in which each of the other 
four cysteines (at positions 46, 52, 55, and 92) were mutated individually 
to serine. The wild-type ferredoxin and each of the five mutant proteins 
were studied by UV-visible spectroscopy and electron paramagnetic resonance 
spectroscopy. The EPR gav values of all five mutants were very similar to 
that of wild- type human ferredoxin. In the reduced state, three of 
the cysteine-to-serine mutants exhibited axial EPR spectra similar to that 
of wild-type, but one of the double mutants (C52S/C95A) exhibited a rhombic 
EPR spectrum. The UV-visible spectroscopic properties of the wild-type and 
the C95A mutant ferredoxins were identical, but those of the other 
cysteine-to-serine mutant proteins of human ferredoxin were quite different 



from those of the wild- type protein and each other. These results, along 
with those from cysteine-to-serine mutations in other ferredoxins, provide 
the basis for a more comprehensive theoretical and practical understanding 
of the features important to the ligation of [2Fe-2S] clusters, although 
they do not yet permit determination of which two cysteines ligate Fe(II) 
and which ligate Fe(III) in the reduced protein. 
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The heterologous expression and spectroscopic characterization of the 
[2Fe-2S] ferredoxin from the sexually transmitted human parasite 
Trichomonas vaginalis is described. Using oligonucleotide primers based on 
the deduced DNA sequence, the gene encoding the ferredoxin was amplified by 
polymerase chain reaction and cloned into a T7 RNA 
polymerase expression vector. Expression of the gene in Escherichia 
coli host HMS174(DE3) resulted in the high level production of the protein 
with the correctly assembled iron-sulfur cluster. The absorption, circular 
dichroism, resonance Raman, and EPR spectra of the recombinant protein 
revealed many differences from those of other [2Fe-2S] ferredoxins. The 
redox potential of the protein (-347 mV versus normal hydrogen electrode) 
was also determined. Whereas the amino acid sequence of T. vaginalis 
ferredoxin showed greatest homology to the [2Fe-2S] ferredoxins found in 
bacteria and vertebrate mitochondria which function in cytochrome P450 
oxidation pathways, the spectroscopic properties showed substantial 
dissimilarity. Differences in the biophysical properties and function of T. 
vaginalis ferredoxin are proposed to result from the characteristic amino 
acid sequence of the parasite protein near the cysteine residues that 
ligate the valence-localized Fe(III) site of the reduced cluster. 



4/3,AB/52 (Item 52 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

08857969 96206047 PMID: 8654929 

The RNA -binding protein HF-I, known as a host factor for phage 
Qbeta RNA replication, is essential for rpoS translation in 
Escherichia coli. 

Muffler A; Fischer D; Hengge-Aronis R 

Department of Biology, University of Konstanz, Germany. 
Genes & development (UNITED STATES) May 11996, 10 (9) pi 14 3-51, 
ISSN 0890-9369 Journal Code: 8711660 
Document type : Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type : Completed 

The rpoS-encoded sigma(S) subunit of RNA polymerase in 
Escherichia coli is a global regulatory factor involved in several stress 
responses. Mainly because of increased rpoS translation and stabilization 
of sigma (S), which in nonstressed cells is a highly unstable protein, the 
cellular sigma (S) content increases during entry into stationary phase and 



in response to hyperosmolarity . Here, we identify the hfq-encoded RNA 
-binding protein HF-I, which has been known previously only as a host 
factor for the replication of phage Qbeta RNA, as an essential factor 
for rpoS translation. An hfq null mutant exhibits strongly reduced 
sigma(S) levels under all conditions tested and is deficient for growth 
phase-related and osmotic induction of sigma(S). Using a combination of 
gene fusion analysis and pulse-chase experiments, we demonstrate that the 
hfq mutant is specifically impaired in rpoS translation. We also present 
evidence that the H-NS protein, which has been shown to affect rpoS 
translation, acts in the same regulatory pathway as HF-I at a position 
upstream of HF-I or in conjunction with HF-I. In addition, we show that 
expression and heat induction of the heat shock sigma factor sigma(32) 
(encoded by rpoH) is not dependent on HF-I, although rpoH and rpoS are both 
subject to translational regulation probably mediated by changes in mRNA 
secondary structure . HF-I is the first factor known to be 
specifically involved in rpoS translation, and this role is the first 
cellular function to be identified for this abundant ribosome-associated 
RNA-binding protein in E. coli. 
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We have cloned the first bifunctional gene dihydrof olate reductase 
-thymidylate synthase (DHFR-TS) from a free- living, ciliated protozoan, 
Paramecium tetraurelia, and determined its macronuclear sequence using a 
modified ligation-mediated polymerase chain reaction (PCR) that can 
be of general use in cloning strategies, especially where cDNA libraries 
are limiting. While bifunctional enzyme sequences are known from parasitic 
protozoa, none had previously been found in free-living protozoa. The 
AT-rich (68%) coding region spanning 1386 bp appears to lack introns . 
DHFR-TS localizes to a approximately 500 kb macronuclear chromosome and is 
transcribed as an mRNA of approximately 1.66 kb, predicted to encode a 53 
kDa protein of 462 residues. The N-terminal one-third of the protein is 
encoded by DHFR, which is joined by a short junctional peptide of 
approximately 12 amino acids to the highly conserved C-terminal TS domain. 
Among known DHFR-TS sequences, the P. tetraurelia gene is most similar to 
that from Toxoplasma gondii, based on primary sequence and parsimony 
analyses. The predicted secondary protein structure is similar 
to those of previously crystallized monof unctional sequences. 



4/3,AB/54 (Item 54 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

08797005 96134828 PMID: 8555166 

Effect of human immunodeficiency virus type 1 (HIV-1) nucleocapsid 
protein on HIV-1 reverse transcriptase activity in vitro. 

Ji X; Klarmann G J; Preston B D 

Department of Biochemistry, University of Utah, Salt Lake City 84112, 
USA. 

Biochemistry (UNITED STATES) Jan 9 1996, 35 (1) p!32-43, ISSN 



0006-2960 Journal Code: 0370623 

Contract/Grant No.: P30 ES05022; ES; NIEHS; R29 CA48174; CA; NCI; ROl 
AI34834; AI ; NIAID; + 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Conversion of human immunodeficiency virus type 1 (HIV-1) genomic 
RNA to viral DNA is a requisite step in the virus life cycle. This 
conversion is catalyzed by reverse transcriptase {RT) associated with a 
large nucleoprotein complex composed of several viral proteins including 
nucleocapsid (NC) . To better characterize the biochemical mechanisms of 
viral DNA synthesis, we overexpressed and purified recombinant HIV-1 NC and 
studied its effect on the activity and processivity of HIV-1 RT during 
polymerization of HIV-1 template sequences in vitro. The effect of NC on 
steady-state RT activity was dependent on the order of addition of reaction 
components. Addition of NC prior to formation of RT-primer . template-dNTP 
ternary complexes inhibited primer extension and reduced total 
product yields by slowing steady- state RT turnover. In contrast, addition 
of NC to preformed ternary complexes resulted in efficient primer extension 
and increased RT processivity at specific DNA template sites. NC stimulated 
polymerization (2-4 times) through eight of 13 sites examined in the cRRE 
region of HIV-1 env and increased the rate of polymerization through the 
D3/CTS region of HIV-1 pol 10 times. The data suggest that NC affects RT 
processivity by facilitating polymerization through regions of template 
secondary structure . Thus, NC functions as a single-strand 
binding (SSB) -like accessory replication factor for RT in vitro and may be 
part of a multi component retroviral replication complex. 
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TFIIS is a transcription elongation factor that binds to RNA 
polymerase II and allows it to transcribe through a variety of 
transcriptional blockages by inducing cleavage near the 3 ' end of the 
nascent transcript. Although this cleavage reaction plays a key role in the 
process of reactivation of transcription by TFIIS, the exact mechanism by 
which TFIIS promotes readthrough by RNA polymerase II is not 
completely understood. We therefore undertook a systematic mutagenesis of 
the C-terminal half of TFIIS (delta TFIIS) to evaluate the contribution of 
charged residues in this region to induce transcript cleavage and promote 
readthrough in vitro. Twenty- two delta TFIIS alanine -scanning mutants were 
constructed by substitution of alanine for each amino acid in clusters of 
charged residues in the C-terminal half of HeLa TFIIS. The ability to 
induce transcript cleavage and readthrough of these mutants was tested in 
vitro using RNA polymerase II ternary elongation complexes 
arrested at a block to elongation. This alanine -scanning mutagenesis 
analysis allowed the identification of regions or residues important for 
the activity of TFIIS. Many of the mutants were reduced alike in both 
cleavage and readthrough activities. However, in several cases there was no 
simple correlation between these activity reductions. 



4/3 / AB/56 (Item 56 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 



08613434 95370292 PMID: 7543900 

Reduced frameshift fidelity and processivity of HIV-1 reverse 
transcriptase mutants containing alanine substitutions in helix H of the 
thumb subdomain. 

Bebenek K; Beard W A; Casas-Finet J R; Kim H R; Darden T A; Wilson S H; 
Kunkel T A 

Laboratory of Molecular Genetics, National Institute of Environmental 
Health Sciences, Research Triangle Park, North Carolina 27709, USA. 

Journal of biological chemistry (UNITED STATES) Aug 18 1995, 270 (33) 

pl9516-23, ISSN 0021-9258 Journal Code: 2985121R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

We have analyzed two human immunodeficiency virus (HIV-1) reverse 
transcriptase mutants of helix H in the thumb subdomain suggested by x-ray 
crystallography to interact with the primer strand of the template-primer. 
These enzymes, G262A and W266A, were previously shown to have greatly 
elevated dissociation rate constants for template-primer and to be much 
less sensitive to inhibition by 3 ' -azidodeoxy thymidine 5 ' -triphosphate . 
Here we describe their processivity and error specificity. The results 
reveal that: (i) both enzymes have reduced processivity and lower 
fidelity for template-primer slippage errors, (ii) they differ from each 
other in sequence-dependent termination of processive synthesis and in 
error specificity, and (iii) the magnitude of the mutator effect relative 
to wild-type enzyme for deletions in homopolymeric sequences decreases as 
the length of the run increases. Thus amino acid substitutions in a 
subdomain thought to interact with the duplex template-primer confer a 
strand slippage mutator phenotype to a replicative DNA polymerase. 
This suggests that interactions between specific amino acids and the primer 
stem at positions well removed from the active site are critical 
determinants of processivity and fidelity. These effects, obtained in 
aqueous solution during catalytic cycling, are consistent with and support 
the existing crystallographic structural model. 
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Poliovirus RNA polymerase (3Dpol) was cross-linked to 
[32P] ribonucleoside triphosphates (NTPs) by reduction of oxidized 
NTP-protein complexes. Cross-linked complexes were digested with cyanogen 
bromide, and resulting peptides were fractionated by reverse-phase HPLC. 
32P-Labeled peptides were purified by secondary HPLC fractionation 
and/or additional digestion with endoproteinases Glu-C, TPCK- trypsin, or 
Asp-N followed by another HPLC fractionation. N-Terminal sequences of the 



major [32P] -peptides were determined, and approximate sizes of these 
peptides were obtained by SDS-polyacrylamide gel electrophoresis. Two major 
NTP binding sites in 3Dpol were found. One site was between Asp-266 and 
Met-286; possible binding residues in this fragment were Lys-276, Lys-278, 
or Lys-283. A second binding site was between Ala-57 and Met-74 with Lys-61 
or Lys-66 as possible binding residues. Alignment of these regions on the 
known structure of HIV-1 reverse transcriptase allowed us to predict 
the position of the downstream nucleotide binding site in the conserved 
"fingers" subdomain present near the active site cleft of both RNA 
and DNA polymerases. The N-terminal nucleotide binding site is not 
contained within a region that is conserved among other polymerases . 
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Telomerase RNA is an integral part of telomerase, the 
ribonucleoprotein enzyme that catalyzes the synthesis of telomeric DNA. The 
RNA moiety contains a templating domain that directs the synthesis of 
a species-specific telomeric repeat and may also be important for enzyme 
structure and/or catalysis. Phylogenetic comparisons of telomerase 
RNA sequences from various Tetrahymena spp. and hypotrich ciliates 
have revealed two conserved secondary structure models that 
share many features . We have cloned and sequenced the telomerase RNA 
genes from an additional six Tetrahymena spp. (T. vorax, T. borealis, T. 
australis, T. silvana, T. capricornis and T. paravorax) . Inclusion of these 
sequences, most notably that from T. paravorax, in a phylogenetic 
comparative analysis allowed us to more narrowly define structural elements 
that may be necessary for a minimal telomerase RNA. A primary 
sequence element, positioned 5' of the template and conserved between all 
previously known ciliate telomerase RNAs, has been reduced from 
5 • - (C) UGUCA-3 ' to the 4 nt sequence 5'-GUCA-3'. Conserved secondary 
structural features and the impact they have on the general organization of 
ciliate telomerase RNAs is discussed. 
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A set of mutations [Ala-62-->Val (A62V) , VIST, F77L, F116Y, and Q151M] in 
the polymerase domain of reverse transcriptase (RT) of human 
immunodeficiency virus type 1 (HIV-1) confers on the virus a reduced 
sensitivity to multiple antiretroviral dideoxynucleosides and has been seen 
in HIV-1 variants isolated from patients receiving combination chemotherapy 
with 3 ' -azido-3 ' -deoxythymidine (AZT) plus 2 ' , 3 ' -dideoxycytidine (ddC) or 
2 ' , 3 ' -dideoxyinosine (ddl) . The IC50 values of AZT, ddC, ddl, 
2 1 , 3 ' -dideoxyguanosine, and 2 » , 3 ' -didehydro-3 ' -deoxythymidine against an 
infectious clone constructed to include the five mutations were 
significantly higher than those of a wild-type infectious clone. The Kl 
value for AZT 5 ' -triphosphate determined for the virus-associated RT from a 
posttherapy strain was 35 -fold higher than that of RT from a pretherapy 
strain. Detailed analysis of HIV-1 strains isolated at various times during 
therapy showed that the Q151M mutation developed first in vivo, at the time 
when the viremia level suddenly increased, followed by the F116Y and F77L 
mutations. All five mutations ultimately developed, and the viremia level 
rose even further. Analyses based on the three-dimensional structure 
of HIV-1 RT suggest that the positions where at least several of the five 
mutations occur are located in close proximity to the proposed dNTP-binding 
site of RT and the first nucleotide position of the single -stranded 
template . 
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More than 70% of the RNA synthesized by T7 RNA 
polymerase during run-off transcription in vitro can be incorrect 
products, up to twice as long as the expected transcripts. Transcriptions 
with model templates indicate that false transcription is mainly observed 
when the correct product cannot form stable secondary structures at 
the 3 '-end. Therefore, the following hypothesis is tested: after leaving 
the DNA template, the polymerase can bind a transcript to the 
template site and the 3 ' -end of the transcript to the product site and 
extend it, if the 3 ' -end is not part of a stable secondary 
structure. Indeed, incubation of purified transcripts with the 
polymerase in transcription conditions triggers a 3 1 -end prolongation 
of the RNA . When two RNAs of different lengths are added to the 
transcription mix, both generate distinct and specific patterns of 
prolonged RNA products without any interference, demonstrating the 
self -coding nature of the prolongation process. Furthermore, sequencing of 
the high molecular weight transcripts demonstrates that their 5 • -ends are 
precisely defined in sequence, whereas the 3 ' -ends contain size-variable 
extensions which show complementarity to the correct transcript. 
Surprisingly, a reduction of the UTP concentration to 0.2-1.0 mM in 
the presence of 3.5-4.0 mM of the other NTPs leads to faithful 
transcription and good yields, irrespective of the nucleotide composition 
of the template. 
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Flavin reductase catalyzes electron transfer from reduced 
pyridine nucleotides to methylene blue or riboflavin, and this catalysis is 
the basis of the therapeutic use of methylene blue or riboflavin in the 
treatment of methemoglobinemia. A cDNA for a mammalian flavin 
reductase has been isolated and sequenced. Degenerate 
oligonucleotides, with sequences based on amino acid sequences of peptides 
derived from bovine erythrocyte flavin reductase , were used as 
primers in PCR to selectively amplify a partial cDNA that encodes the 
bovine reductase. The template used in the PCR was first strand cDNA 
synthesized from bovine liver total RNA using oligo(dT) primers. A 
PCR product was used as a specific probe to screen a bovine liver cDNA 
library. The sequence determined from two overlapping clones contains an 
open reading frame of 621 nucleotides and encodes 2 06 amino acids. The 
amino acid sequence deduced from the bovine liver flavin reductase 

cDNA matches the amino acid sequences determined for erythrocyte 
reductase -derived peptides, and the predicted molecular mass of 
22,001 Da for the liver reductase agrees well with the molecular mass 
of 21,994 Da determined for the erythrocyte reductase by electrospray 
mass spectrometry. The amino acid sequence at the N terminus of the 
reductase has homology to sequences of pyridine nucleotide -dependent 
enzymes, and the predicted secondary structure, beta alpha 
beta, resembles the common nucleotide-binding structural motif. RNA 

blot analysis indicates a single 1-kilobase reductase transcript in 
human heart, kidney, liver, lung, pancreas, placenta, and skeletal muscle. 
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It has previously been reported that the region between nucleotides 259 
and 3 83 immediately downstream from the P4 early promoter of parvovirus 
minute virus of mice, prototype strain (MVMp) is responsible for 
transcriptional attenuation. Attenuation results from the premature pausing 
of RNA polymerase II within this sequence (designated to as 



att) and seems to depend on potential RNA secondary 
structure . To assess the attenuation capacity of att under near 
physiological conditions, the early transcription unit of MVMp was replaced 
by the chloramphenicol acetyltransf erase reporter gene under control of the 
early P4 promoter, in the presence or absence of att. The resulting 
recombinant vectors were encapsidated in parvovirus particles and 
replicated in cells after co-infection with the wild-type virus. The att 
fragment reduced the rate of expression of the reporter gene by 
approximately threefold, confirming previously reported data from 
transfection experiments performed in the same cellular system. This 
attenuation factor is unexpectedly high, considering that the ' readthrough 1 
fold of the nascent viral transcript is thermodynamically more stable than 
the 'attenuation' configuration. In an attempt to elucidate this point, we 
sought for the presence of secondary structures in the template DNA 
molecule. In vitro nuclease probing of viral dsDNA revealed that the att 
fragment had a cruciform configuration with both complementary strands 
folding into the computer-predicted stem- loop 'attenuation* structure 
These observations lead us to propose that the secondary 
structure of the DNA template may prompt the formation of the 
'attenuation' stem-loop in nascent mRNAs by bringing corresponding 
self -complementary sequences into close proximity. 
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The 5' processing of rat pre-tRNA (Lys) and a series of mutant derivatives 
by rat cytosolic RNase P was examined. In standard, non-kinetic assays, 
mutant precursors synthesized in vitro with 5 1 leader sequences of 10, 17, 
24, 25, and 46 nucleotides were processed to approximately equal levels and 
yielded precisely cleaved 5* processed intermediates with the normal 7 -base 
pair aminoacyl stems. The construct containing the tRNA(Lys) with the 
46-nucleotide leader was modified by PCR to give a series of pre-tRNA (Lys) 
mutants designed to measure the effect on processing by (1) substituting 
the nucleotide at the +1 position, (2) pairing and unpairing the +1 and +72 
bases, (3) elongating the aminoacyl stem, and (4) disrupting the helix of 
the aminoacyl stem. Comparative kinetic analyses revealed that changing the 
wild type +1G to A, C, or U was well tolerated by the RNase P provided that 
compensatory changes at +72 created a base pair or a G.U noncanonical pair. 
Mutants with elongated aminoacyl stems that were produced either by 
inserting an additional base pair at +3: a + 69: a or by pairing the -1A with 
a +73U, were processed to yield 7-base pair aminoacyl stems, but with 
different efficiencies. The efficiency seen with the double insertion 
mutant was higher than even the wild type precursor, but the -1A-U + 73 
mutant was a relatively poor substrate. Disrupting the aminoacyl stem helix 
by introducing a +7G G + 66 mispairing or by inserting a single G at the 
+3:a position dramatically reduced the processing 'efficiency, 
although the position of cleavage occurred precisely at the wild type 
cleavage site. However, the single insertion of a C at the +69: a position 
resulted in an efficiently cleaved precursor, but permitted a minor, 
secondary cleavage within the leader between the -6 and -5 



nucleotides in addition to the dominant wild type scission. 



4/3,AB/64 (Item 64 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

08204480 94339835 PMID : 8061605 

A beta-turn in alpha-amanitin is the most important structural feature 
for binding to RNA polymerase II and three monoclonal 
antibodies . 

Baumann K; Zanotti G; Faulstich H 

Max-Planck- Institut fur medizinische Forschung, Heidelberg, Germany. 
Protein science : a publication of the Protein Society (UNITED STATES) 
May 1994, 3 (5) p750-6, ISSN 0961-8368 Journal Code: 9211750 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Four amatoxin-binding proteins with KD values in the nanomolar range, 3 
monoclonal antibodies and RNA polymerase II, were studied with 
respect to their affinities to 24 alpha-amanitin derivatives with modified 
side chains. From KD values we estimated the amounts of binding energy that 
single side chains of the amatoxins contribute to complex formation. Ile6, 
previously identified by X-ray analysis to be part of a beta-turn 
(Kostansek EC, Lipscomb WN, Yocum RR, Thiessen WE, 1978, Biochemistry 
17:3790-3795) proved to be of outstanding importance in all complexes. 
Replacement of the isoleucine with alanine reduced the affinity to 
all binding proteins to < 1%, suggesting a strong hydrophobic interaction. 
A strong effect was also seen when Gly5 was replaced with alanine, 
suggesting that the absence of a side chain in proximity to the beta-turn 
is likewise important. In addition to the beta-turn, each of the proteins 
showed at least 2 other points of strong contact formed by hydrogen bonds. 
Donors are the indole NH of 6 ' -hydroxy -Trp4 and OH of hydroxy-Pro2 and 
dihydroxy-Ile3 . All the antibodies, but not RNA polymerase II, 
recognized the indole nucleus of 6 ' -hydroxy-Trp4 . The geometric arrangement 
of the 4 strongest contact points suggests that the amatoxin binding site 
is different in each of the 4 proteins, except for the 2 antibodies raised 
in the same animal. Here, most of the contact points were identical but 
differed in strength of interaction. The method of structural analysis 
presented in this study is useful for identifying contact sites in 
complexes of proteins with peptides of rigid conformation. Furthermore, the 
method complements X-ray data by providing information on the amount of 
binding energy contributed by single structural elements. 
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The complete biologically active human immunodeficiency virus type-1 
(HIV-1) rev-response element (RRE) RNA is 351 nucleotides (nt) in 
length, and includes an extra 58 nt on the 5' end and 59 nt on the 3' end 



beyond the sites proposed in the original models for the RRE 
secondary structure . The extra sequences are able to form a 
duplex structure which extends Stem I. The presence of an elongated 
Stem I structure in the RRE RNA was confirmed by nuclease 
mapping experiments. Nuclease protection experiments have shown that rev 
binds to restricted regions of the RRE, including the high affinity site 
located at the base of Stem lib and along the length of the Stem I region. 
The three large stem- loop structures which protrude from Stem I and Stem 
lib (Stems lie, III+IV and V) remain accessible to nucleases even in the 
presence of a large excess of protein. Gel -retardation experiments show 
that the truncations of Stem I reduced the total number of rev 
molecules that can bind co-operatively and with high affinity to the RRE 
RNA. To test whether the elongated Stem I structure is required 
for maximal rev activity, a series of truncations which progressively 
reduced the length of Stem I was introduced into an HIV-1 derived 
reporter plasmid. In the presence of rev and a functional RRE, there is an 
increase in the levels of gag and env mRNA in the cytoplasm and a decrease 
in levels of tat and rev mRNAs . Each of the truncations in Stem I 
reduced the rev responses, with the longest truncations producing the 
greatest losses of activity. The data suggest that the RRE acts as a 
"molecular rheostat" designed to detect rev levels during the early stages 
of the HIV growth cycle . 
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Multicopy single-stranded DNA (msDNA) is produced by bacterial 
retroelements called retrons. It consists of single-stranded DNA that is 
linked to an internal G residue of an RNA molecule by a 
2 ' , 5 1 -phosphodiester linkage. It has been demonstrated that specific 
primary sequences, as well as the secondary structures immediately 
downstream of the G residue, are essential for the cDNA priming reaction 
(Shimamoto, T. , Hsu, M.-Y., Inouye, S., and Inouye, M. (1993) J. Biol. 
Chem. 2 68, 2684-2692) . We have now examined the requirement of the 
structures in the region corresponding to DNA for msDNA synthesis . The 
upper stem region consisting of 71 bases of msDNA-Ecl07 was found not to be 
essential, and this region could be deleted to efficiently produce a 
truncated msDNA containing only a 3 6 -base single -stranded DNA. Various 
mutations including base replacements, deletions, and insertions were 
constructed in the lower stem region. It was found that any mutations 
resulting in more stable secondary structures caused reduction 
in msDNA synthesis. The results indicated that reverse transcriptase 
requires a loose secondary structure in the template RNA 
near the cDNA priming site for cDNA elongation. 
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In vitro mutagenesis was performed to identify the DNA packaging domain 
of the 120-base pRNA essential and specific for DNA encapsidation by 
bacteriophage phi 29 of Bacillus subtilis. All deletions and mutations 
targeted the 5 r and 3' ends of the pRNA, DNA templates of a control or 
mutant pRNAs used for in vitro transcription with T7 RNA 
polymerase were generated by PCR. Fourteen mutant pRNA molecules were 
synthesized from DNA templates either directly after PCR or after cloning 
the PCR fragments into the pCR II vector. Ten of the mutant pRNA species 
were inactive in packaging of the phi 29 genome. Mutation of base one at 
the 5* end did not affect the pRNA packaging activity. Mutation of the 
first two bases at the 5 ' end of the pRNA to noncomplementary bases in the 
predicted RNA secondary structure (Ul C2/A117G116 to Gl 

G2/A117G116) resulted in a pRNA with no detectable DNA-gp3 packaging 
activity assayed by either sucrose gradient sedimentation or agarose gel 
electrophoresis, and 10 (5) -fold reduction in activity was found when 
measured by plaque- forming units with a new highly sensitive assay system. 
Changing bases 116 and 117 so that they were complementary to the mutated 
bases, 1 and 2, from the previous mutant (Gl G2/A117G116 to Gl G2/C117C116) 
generated an RNA molecule with restored DNA packaging ability. Our 
results show that, although not essential for procapsid binding, both the 
5* and 3' ends of the pRNA were proximate and crucial for phi 2 9 DNA 
packaging. 
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We describe different single-amino acid aberrations in the DNA-binding 
domain (DBD) of the human androgen receptor (hAR) in three families with 
complete androgen insensitivity. No additional alteration was found in the 
translated portion of each mutant gene. In one family, an in-frame 3 nt 
deletion removes codon 581- (or 582) and, thereby, one of two phenylalanines 
that invariably occupy adjacent positions in the N-terminal alpha-helical 
region of the DBD in the steroid/thyroid/vitamin D receptor superfamily. In 
the second, an in-frame 3 nt loss deletes Arg614, an invariant residue in 
the C- terminal alpha-helix of the DBD. In the third, a G-->A transition 
causes Arg614His. Following transient transfection of COS cells with each 



mutant AR plasmid, there is a normal concentration of specific 
androgen-binding activity that has a reduced ability to bind two 
types of androgen response element (ARE) , and to transregulate an 
androgen- responsive human growth hormone reporter gene. In genital skin 
fibroblasts with delta Phe581 or Arg614His, androgen-binding, AR protein 
and AR mRNA are markedly reduced; in gonadal fibroblasts with delta 
Arg614, AR mRNA may be reduced. Our data substantiate the primary 
contributions of Phe5 81 and Arg614 to normal hAR-ARE binding, and expose 
important secondary effects of the mutations affecting each residue. 
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It has been demonstrated that the amino acids Asp537, Asp812, Lys631, 
His811 and Tyr639 are involved in bacteriophage T7 RNA 
polymerase catalysis. In the present paper, we report kinetic, 
spectroscopic and calorimetric characterization of the wild-type and mutant 
T7 RNA polymerases generated at these five loci (D537N, E; K631M, R; 
Y639F, S, A, W; H811Q, A; D812N, E) . The wild-type enzyme has a substantial 
amount of secondary structure as determined by CD analysis 

(alpha-helix, 43%; beta-sheet, 14%; beta-turn, 25%; unordered, 18%) . The CD 
spectra of 12 mutants at five loci are very similar to that of the 
wild- type, except for the mutant Y63 9W. Within experimental error, the 
thermal transition temperatures measured by CD and DSC as well as the 
lambda max values of the fluorescence spectra were the same for the 
wild-type and all of the mutants. Therefore, the overall folding and 
stability of the mutant enzymes are very similar to those of the wild-type 
enzyme, although small local conformational changes cannot be excluded. For 
the synthesis of the pentamer pppGGACU, the mutants D53 7E and D812E showed 
an approximately two- to threefold decrease in (kcat)app and an 
approximately two- to threefold increase in (Km)app, relative to the 
wild- type, in contrast to the mutants D537N and D812N which exhibited no 
detectable activity. The mutant K631R showed a sevenfold reduction in 

(kcat)app and a two- to threefold increase in (Km)app, supporting our 
earlier observation with the mutant K631M that Lys631 may be involved in 
phosphodiester bond formation. The mutant Y63 9S can synthesize the trimer 
GGA with an approximately 50-fold decrease in (kcat)app and a tenfold 
increase in (Km)app, relative to the wild-type, underlining the importance 
of the phenyl ring of Tyr639. The mutant H811A, in which the side-chain at 
position 811 is incapable of forming a hydrogen bond, can synthesize the 
trimer GGA with an approximately tenfold decrease in (kcat)app and an 
approximately 35 -fold increase in (Km)app. Thus, either the 
hydrogen-bonding capacity of this residue is non-essential or some other 
group can functionally substitute for the His811 side-chain. The wild-type 
enzyme showed significant effects of the base position in the sequence on 
the apparent binding constants for the NTPs. The kinetics of GpG-primed 
trimer, tetramer and pentamer synthesis on three 22 bp templates were 
investigated for the wild-type and mutant enzymes with measurable 
activity. (ABSTRACT TRUNCATED AT 400 WORDS) 
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Gene 1 of bacteriophage T7 early region- -the RNA polymerase 
gene- -is very actively translated during the infectious cycle of this 
phage. A 29 base pair fragment of its ribosome binding site containing the 
initiation triplet, the Shine -Dalgarno sequence (S-D) , 10 nucleotides (nt) 
upstream and 6 nt downstream of these central elements was cloned into a 
vector to control the expression of the mouse dihydrof olate reductase 
gene (dhf r) . Although all essential parts of this translation initiation 
region (TIR) should be present, this fragment showed only very low 
activity. Computer analysis revealed a potentially inhibitory hairpin 
binding the S-D sequence into its stem base paired to vector-derived 
upstream sequences. Mutational alterations demonstrated that this hairpin 
was not responsible for the low activity. However, addition of 21 nt of the 
T7 gene 1 upstream sequence to the 2 9 base pair fragment were capable of 
increasing the translational efficiency by one order of magnitude. Computer 
analysis of this sequence, including nucleotide shuffling, revealed that it 
contains a highly unstructured region lacking mRNA secondary 
structures but with a hairpin at its 5" end, here formed solely by T7 
sequences. There was not much difference in activity whether the mRNA 
included or lacked vector-derived sequences upstream of the hairpin. Such 
highly unstructured mRNA regions were found in all very efficiently 
expressed T7 genes without any obvious sequence homologies. The delta G 
values of these regions were higher, i.e. potential secondary 
structural elements were fewer, than in TIR of genes from E. coli. This is 
likely due to the fact that T7 as a lytic phage is relying for successful 
infection on much stronger signals which a cell cannot afford because of 
the indispensable balanced equilibria of its interdependent biochemical 
processes. When the 5' ends of efficient T7 gene mRNA are formed by the 
action of RNase III they generally start with an unstructured region. 
Efficiently expressed T7 genes within a polycistronic mRNA, however, always 
contain a hairpin preceding the structure free sequence. We suggest 
that the formation of this 5' hairpin is releasing enough energy to keep 
the unstructured regions free of secondary RNA structures for 
sufficient time to give ribosomes and factors a good chance for binding to 
the TIR. In addition, sequences further downstream of the start codon give 
rise to an additional increase in efficiency of the TIR by almost two 
orders of magnitude. 
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The extracellular matrix-associated protein, SPARC (osteonectin [Secreted 
Protein Acidic and Rich in Cysteine] ) , modulates cell adhesion and induces 
a change in cell morphology. SPARC expression in mammals is development ally 
regulated and is highest at sites of extracellular matrix assembly and 
remodeling such as parietal endoderm and bone. We have isolated cDNA and 
genomic DNA clones encoding the Caenorhabditis elegans homologue of SPARC. 
The gene organization is highly conserved, and the proteins encoded by 
mouse, human, and nematode genes are about 38% identical. SPARC consists of 
four domains (I-IV) based on predicted secondary structure. 
Using bacterial fusion proteins containing nematode domain I or the domain 
IV EF-hand motif, we show that, like the mammalian proteins, both domains 
bind calcium. In transgenic nematodes expressing a SPARC-lacZ fusion gene, 
beta-galactosidase staining accumulated in a striated pattern in the more 
heavily stained muscle cells along the body. Comparison of the pattern of 
transgene expression to unc-54-lacZ animals demonstrated that SPARC is 
expressed by body wall and sex muscle cells. Appropriate levels of SPARC 
are essential for normal C. elegans development and muscle function. 
Transgenic nematodes overexpressing the wild-type SPARC gene were abnormal. 
Embryos were deformed, and adult hermaphrodites had vulval protrusions and 
an uncoordinated (Unc) phenotype with reduced mobility and paralysis. 
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Platelet -derived growth factor-AA and -BB homodimers and -AB heterodimers 
bind with high affinity to the platelet-derived growth factor (PDGF) 
alpha-receptor. Basic polypeptides such as polylysine and protamine sulfate 
compete with PDGF for receptor binding, suggesting a role for ligand 
positive charge in the binding interaction. A pentapeptide amino acid 
sequence with a cationic tripeptide core is perfectly conserved between the 
A- and B-chains (Vall58-Argl59-Lysl60 -Lysl61-Prol62 ) and was therefore 
considered as a possible alpha -receptor-binding domain. We have 
investigated the functional importance of positive charge within this 
region of the PDGF A-chain by using site-directed mutagenesis to convert 
the cationic core amino acids to the acidic sequence triglutamic acid. 
cDNAs encoding wild- type (PDGF-AAwt) and charge mutant (PDGF-AAcm) proteins 
were expressed following stable transfection of Chinese hamster ovary 
cells. Proper assembly and secretion of PDGF-AAcm was verified by metabolic 
labeling with [35S] cysteine , immunoprecipitation, and SDS-polyacrylamide 
gel electrophoresis analysis under nonreducing and reducing 
conditions. PDGF-AAcm was secreted as two major species of disulf ide-linked 
A-chain homodimers identical in molecular mass to those observed for 
PDGF-AAwt (32 and 3 5 kDa) . Secreted PDGF-AAwt and PDGF-AAcm proteins were 
purified to homogeneity and subjected to structural and functional 



analyses. Compared to purified PDGF-AAwt, PDGF-AAcm displayed a marked 
reduction in both binding affinity for PDGF alpha -receptors and 
mitogenic activity in Swiss 3T3 cells. Large reductions were also 
observed in the ability of semipurified PDGF-AAcm to stimulate calcium 
influx and the production of inositol phosphates. Measurement of circular 
dichroism spectra of highly purified PDGF-AAcm and PDGF-AAwt revealed no 
significant difference in secondary structure. Collectively, 
these results indicate that the cationic Argl59-Lysl60-Lysl61 region plays 
a critical role in the biological activity of PDGF-AA by direct 
participation in ligand binding to the PDGF alpha-receptor. 
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Replication of human immunodeficiency virus type 1 (HIV-1) requires 
reverse transcriptase (RT) to synthesize double -stranded proviral DNA (9.7 
kilobases) through a complex mechanism utilizing both RNA and DNA 
templates. We have examined DNA synthesis by HIV-1 RT on RNA and DNA 
templates derived from the HIV-1 genome using a primer extension assay in 
vitro. Analysis of polymerization products on sequencing gels revealed 
strong pauses in synthesis, on both RNA and DNA templates, in 
homopolymeric nucleotide runs, and at regions of predicted secondary 
structure . Polymerization pauses occurred in runs of template rGs (> 
or = 4 bases) and rCs (> or = 3 bases) during minus-strand synthesis on 
RNA templates, and in most runs (> or = 4 bases) of template dTs and 
dAs during plus -strand synthesis on DNA templates. Pausing also occurred on 
both templates within the first few nucleotides of the predicted hairpin 
structures of the Rev response element. The locations of pauses were 
dependent on template sequence and were unaffected by primer positioning, 
RT concentration, and ionic strength. Recombinant and virion-derived HIV-1 
RTs showed similar pausing patterns, DNA products that accumulated at HIV-1 
RT pause sites on RNA templates were extended by continued incubation 
with excess RT from Moloney murine leukemia virus, showing that the 
RNA templates were not broken or otherwise unable to support 
polymerization. Polymerizations conducted in the presence of a poly(rA) 
oligo(dT) trap showed that pausing results from two mechanisms: 1) RT 
remaining bound to the primer-template and polymerizing at a greatly 
reduced rate, or 2) RT dissociating from the primer- template . These 
results demonstrate that specific HIV-1 RNA and DNA template 
sequences are capable of interrupting processive DNA synthesis by HIV-1 RT 
in vitro. Pausing may serve specific functions in HIV-1 replication and 
mutagenesis. Moreover, these data suggest that one or more accessory 
factors are required to complete proviral DNA synthesis in vivo and that 
efficient HIV-1 DNA synthesis may require multiple origins. 
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Structures and thermostabilities of the double -stranded (ds) RNA 
bacteriophage phi 6 and of its isolated nucleocapsid-polymerase 
complex (nucleocapsid core) and dsRNA components have been investigated by 
Raman spectroscopy. The spectra show that proteins of the phi 6 virion are 
collectively deficient in beta-sheet secondary structure. In 
particular, the major protein (P8) of the outer spherical shell of the phi 
6 nucleocapsid exhibits a secondary structure dominated largely 
by alpha-helix and irregular conformations. The absence of appreciable 
beta- structure in the P8 subunit suggests a tertiary conformation 
lacking the beta-barrel motif common to subunits of most other spherical 
viral capsids. In addition, the Raman spectra show that subunits of the 
dodecahedral nucleocapsid core are also predominantly alpha-helical. The 
results thus indicate a largely alpha-helical secondary 
structure for the major subunit (PI) of the phi 6 nucleocapsid core, 
as well as for the P8 subunit of the outer spherical shell. Using Raman 
difference spectroscopy, we demonstrate that proteins of the nucleocapsid 
core (PI, P2, P4 and P7) interact extensively with the packaged phi 6 
RNA genome, and further, that conformational stability of the 
packaged RNA is reduced upon removal from the core. Also, we 
find that proteins of the phi 6 nucleocapsid are significantly more 
thermostable than proteins of the viral membrane envelope, which are 
reported in the accompanying paper {Li et al . , 1993). The present results 
suggest that both the architectural principles and modes of protein- 
RNA interaction in the phi 6 virion differ fundamentally from those 
of icosahedral single -stranded RNA viruses. Both Raman and circular 
dichroism spectra indicate that the dsRNA genome of phi 6 is an A-form 
structure . The Raman marker bands signify the presence only of 
C3 ' -endo/anti nucleoside conf ormers . The Raman signature of dsRNA, revealed 
in the spectrum of the phi 6 genome, is discussed here as a model for 
assessing base-pairing and base-stacking interactions in other 
ribonucleoprotein assemblies. 
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Rabbit cytochrome P450 2C3 was expressed from its cDNA in Escherichia 
coli as a chimeric enzyme in which a portion of the N-terminal membrane 
anchor sequence of 2C3 was replaced with a modified sequence derived from 
P450 17 alpha. The nucleotide sequence encoding the N-terminus of P450 17 
alpha was modified previously to achieve a high level of expression of P450 
17 alpha in E. coli by altering the first eight codons of P450 17 alpha to 
reflect second codon preferences for high expression and to minimize the 
potential for the formation of a stable secondary structure of 
the corresponding RNA transcript. The modified P450 2C3 was expressed 
at > 400 nmol/liter of culture. P450 2C3 was isolated to apparent 
electrophoretic homogeneity and a specific content > 14 nmol P450/mg 
protein. When reconstituted with P450 reductase and 
dilauroyl-L-alpha-lecithin, the purified E. coli -expressed P450 2C3 
catalyzed 16 alpha, but not 6 beta-hydroxylation of progesterone. 
Expression of unmodified 2C3 from its cDNA in COS-1 cells confirmed the 
absence of detectable 6 beta -hydroxylase activity. In addition, the enzyme 
expressed in E. coli is activated by the allosteric effector 5 
beta-pregnane-3 beta, 2 0 alpha-diol, with a resultant Vmax = 10 min-1 and Km 
= 20 microM and is not inhibited by 16 alpha-methylprogesterone . These 
results indicate that the 2C3 cDNA encodes an enzymatic form characteristic 
of IIIvo/J and B/J inbred rabbits rather than a second enzymatic form 
expressed in most outbred and some inbred strains that catalyzes both high 
efficiency 16 alpha- and 6 beta-hydroxylation of progesterone. Our results 
have identified the enzyme variant encoded by the 2C3 cDNA and have 
demonstrated the utility of E. coli for the expression of recombinant P450 
enzymes . 
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We isolated three Escherichia coli suppressor strains that reduce 
the copy number of a mutant ColEl high- copy-number plasmid. These mutations 
lower the copy number of the mutant plasmid in vivo up to 15 -fold; the 
wild- type plasmid copy number is reduced by two- to threefold. The 
suppressor strains do not affect the copy numbers of non-ColEl- type 
plasmids tested, suggesting that their effects are specific for ColEl-type 
plasmids. Two of the suppressor strains show ColEl allele-specif ic 
suppression; i.e., certain plasmid copy number mutations are suppressed 
more efficiently than others, suggesting specificity in the interaction 
between the suppressor gene product and plasmid replication component (s) . 
All of the mutations were genetically mapped to the chromosomal polA gene, 
which encodes DNA polymerase I. The suppressor mutational changes 
were identified by DNA sequencing and found to alter single nucleotides in 
the region encoding the Klenow fragment of DNA polymerase I . Two 
mutations map in the DNA-binding cleft of the polymerase region and 
are suggested to affect specific interactions of the enzyme with the 
replication primer RNA encoded by the plasmid. The third suppressor 
alters a residue in the 3'-5' exonuclease domain of the enzyme. 



Implications for the interaction of DNA polymerase I with the ColEl 
primer rna are discussed. 
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Ty3 is a retroviruslike element found in Saccharomyces cerevisiae. It 
encodes GAG3 and GAG3-POL3 polyproteins which are processed into mature 
proteins found in the Ty3 viruslike particle. In this study, the region 
encoding a protease that is homologous to retroviral aspartyl proteases was 
identified and shown to be required for production of mature Ty3 proteins 
and transposition. The Ty3 protease has the Asp-Ser-Gly consensus sequence 
found in copia, Tyl, and Rous sarcoma virus proteases, rather than the 
Asp-Thr-Gly found in most retroviral proteases. The' Asp-Ser-Gly consensus 
is flanked by residues similar to those which flank the active sites of 
cellular aspartyl proteases. Mutations were made in the Ty3 active-site 
sequence to examine the role of the protease in Ty3 particle maturation and 
to test the functional significance of the Ser active-site variant in the 
consensus sequence. Mutation of the active-site Asp blocked processing of 
Gag3 and Gag3-Pol3 and allowed identification of a GAG3-POL3 polyprotein. 
This protein was turned over rapidly in cells expressing the mutant Ty3 . 
Changing the active -site Ser to Thr caused only a modest reduction in 
the levels of certain Ty3 proteins. Five putative cleavage sites of this 
protease in Ty3 GAG 3 and GAG 3 -POL 3 polyproteins were defined by 
amino-terminal sequence analysis. The existence of an additional protein (s) 
of unknown function, encoded downstream of the protease -coding region, was 
deduced from the positions of these amino termini and the sizes of known 
Ty3 proteins. Although Ty3 protease cleavage sites do not correspond 
exactly to known retroviral protease cleavage sites, there are 
similarities. Residues P3 through P2 ' in the regions encompassing each of 
the five sites are uncharged, and no PI position is occupied by an amino 
acid with a branched beta carbon. 
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The sunY ribozyme is derived from a self -splicing RNA group I 
intron. This ribozyme was chosen as a starting point for the design of a 



self -replicating RNA because of its small size. As a means of 
facilitating the self -replication process, the size of this ribozyme was 
decreased by the deletion of nonconserved structural domains; however, when 
such deletions were made, there were severe losses of enzymatic activity. 
In vitro genetic selection was used to identify mutations that reactivate a 
virtually inactive sunY deletion mutant. A selected mutant with five 
substitution mutations scattered throughout the primary sequence showed 
greater catalytic activity than the original ribozyme under the selection 
conditions. The sunY ribozyme and its small selected variant can both 
catalyze template-directed oligonucleotide assembly. The small size and 
reduced secondary structure of the selected variant 

results in an enhancement, relative to that of the original ribozyme, of 
its rate of self -copying. This engineered ribozyme is able to function 
effectively both as a catalyst and as a template in self -copying reactions. 
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A pore- forming peptide is implicated in the potent cytolytic activity of 
pathogenic Entamoeba histolytica. Using NH2- terminal sequence information 
of this peptide, the corresponding cDNA was isolated. The cDNA-deduced 
amino acid sequence revealed a putative signal peptide and a mature peptide 
of 77 amino acids including six cysteine residues. Computer-aided 
secondary structure analysis predicted that the peptide would 
be composed of four adjacent alpha-helices, and CD spectroscopy indicated 
an all alpha-helical conformation. The tertiary structure appears to 
be stabilized by three disulfide bonds; the pore-forming activity was not 
sensitive to heat but was lost in the presence of reducing agents. 
Sequence homology was found to the saposins and to surfactant-associated 
protein B, both mammalian polypeptides of similar size and secondary 
structure but of non- lytic function. In particular, the six cysteine 
residues were found to be conserved, suggesting a common motif for 
stabilizing a favourable tertiary structure. Compared with previously 
characterized toxic peptides also containing three disulfide bonds, the 
amoeba peptide may represent a distinct class of biologically active 
peptides . 
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The f ructose-2 , 6 -bisphosphatase domain of 6-phosphof ructo-2-kinase/f ructo 
se-2 , 6-bisphosphatase has been shown to be structurally and functionally 
homologous to phosphoglycerate mutase. Both enzymes catalyze their 
reactions via phosphoenzyme intermediates which utilize an active site 
histidine as a nucleophilic phosphoacceptor and another histidine as a 
proton donor to the leaving group. Glu327 in the bisphosphatase domain of 
the rat liver bifunctional enzyme is conserved in all phosphoglycerate 
mutase structures and is postulated, by modelling studies, to be located in 
the active site. Glu327 was mutated to Ala, Gin, or Asp. The mutant and 
wild-type enzymes were expressed in Escherichia coli with a T-7 RNA 
polymerase -based expression system and purified to homogeneity by 
substrate elution from phosphocellulose . The Glu327 mutants had apparent 
molecular weights of 110,000 by gel filtration and had unaltered 
6-phosphof ructo-2 -kinase activity. Circular dichroism showed that the 
secondary structure of the Glu327 mutant enzyme forms was the 
same as the wild-type enzyme. The maximal velocity of the 

fructose-2, 6-bisphosphatase of the Glu327 Ala, Glu327 Gin, and 

Glu327 Asp mutants was 4, 2, and 20%, respectively, that of the 

wild-type enzyme, but the rate of phosphoenzyme formation of the mutants 
was reduced by at least a factor of 1000. In addition, the rate 

constants of phosphoenzyme hydrolysis for the Glu372 Ala and 

Glu327 Gin mutants were 2.7 and 1.3%, respectively, of the wild type, 

whereas the rate constant for the Glu3 2 7 Asp mutant was 60% of the 

wild-type value. Glu327 was not a substrate or product binding site 
determinant since the Km for fructose-2 , 6 -bisphosphate and Ki for 
fructose -6 -phosphate of the mutants were not appreciably changed. The 
results implicate Glu327 as part of a catalytic triad in 
fructose-2 , 6-bisphosphatase and suggest that it influences the protonation 
state of the active site histidine residues during phosphoenzyme formation 
and/or acts as a base catalyst to enhance the nucleophilic attack of water 
on the phosphoenzyme intermediate . 
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Lysine 274 is conserved in all known fructose- 1 , 6-bisphosphatase 
sequences. It has been implicated in substrate binding and/or catalysis on 
the basis of reactivity with pyridoxal phosphate as well as by x-ray 
crystallographic analysis. Lys274 of rat liver fructose- 1 , 6 -bisphosphatase 
was mutated to alanine by the polymerase chain reaction, and the T7- 
RNA polymerase -transcribed construct containing the mutant 
sequence was expressed in Escherichia coli. The mutant and wild-type forms 
of the enzyme were purified to homogeneity, and their specific activity, 
substrate dependence, and inhibition by fructose 2 , 6 -bisphosphate and AMP 
were compared. While the mutant exhibited no change in maximal velocity, 
its Km for fructose 1 , 6 -bisphosphate was 20 -fold higher than that of the 



wild-type, and its Ki for fructose 2 , 6-bisphosphate was increased 
1000-fold. Consistent with the unaltered maximal velocity, there were no 
apparent difference between the secondary structure of the 
wild-type and mutant enzyme forms, as measured by circular dichroism and 
ultraviolet difference spectroscopy. The Ki for the allosteric inhibitor 
AMP was only slightly increased, indicating that Lys274 is not directly 
involved in AMP inhibition. Fructose 2 , 6-bisphosphate potentiated AMP 
inhibition of both forms, but 500 -fold higher concentrations of fructose 
2 , 6-bisphosphate were needed to reduce the Ki for AMP for the mutant 
compared to the wild-type. However, potentiation of AMP inhibition of the 

Lys274 Ala mutant was evident at fructose 2 , 6-bisphosphate 

concentrations (approximately 100 microM) well below those that inhibited 
the enzyme, which suggests that fructose 2 , 6-bisphosphate interacts either 
with the AMP site directly or with other residues involved in the active 
site-AMP synergy. The results also demonstrate that although Lys274 is an 
important binding site determinant for sugar bisphosphates, it plays a more 
significant role in binding fructose 2 , 6-bisphosphate than fructose 
1, 6-bisphosphate, probably because it binds the 2-phospho group of the 
former while other residues bind the 1-phospho group of the substrate. It 
is concluded that the enzyme utilizes Lys274 to discriminate between its 
substrate and fructose 2 , 6-bisphosphate . 
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The biochemical mechanisms of resistance to CRC 680578, a new antitumour 
chloroethylnitrosourea alpha-amino acid derivative, were studied. 
Alterations in DNA, RNA and protein syntheses, SH-group content, drug 
efflux, activities of replicative and repair enzymes, such as 
ribonucleotide reductase, thymidine kinase, 06-alkylguanine-DNA-alkyl 
transferase and DNA polymerases alpha and beta and damages of the DNA 
secondary structure were investigated in sensitive and 
resistant to CRC 680578 leukemia L1210 cells. It was found that the total 
SH-group number in drug-resistant cells was increased (about 1.3-fold in 
comparison with sensitive cells) which seems to be due to the mechanisms of 
drug resistance. CHC 680578 induced less pronounced inhibition and more 
rapid restoration of DNA and RNA synthesis in resistant cells. No 
differences between the ribonucleotide reductase and thymidine kinase 
activities were found either in intact cells of the both strains or after 
drug administration. The efficiency of repair of DNA chloroethyl adducts by 
06-alkylguanine-DNA-alkyltransf erase in leukemia cells of various 
sensitivity was found to be identical. The differences in enzyme activities 
in intact cells of the both strains were insignificant. It was . supposed 
that factors other than changes in the level of 

06 -alkylguanine-DNA-alkyltransf erase in leukemia cells may be responsible 
for the resistance to CRC 680578. The increase in the levels of DNA 
polymerase alpha and, especially, of DNA polymerase beta, in 
sensitive (but not resistant) mouse leukemia cells 4 8 hours after drug 
administration is though to define the mechanism of resistance to the new 
antitumour agent CHC 680578. 
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Ricin is a cytotoxic protein that inactivates ribosomes by hydrolyzing 
the N-glycosidic bond between the base and the ribose at position A4324 in 
eukaryotic 28 S rRNA. The requirements for the recognition by ricin A-chain 
of this nucleotide and for the catalysis of cleavage were examined using a 
synthetic oligoribonucleotide that reproduces the sequence and the 
secondary structure of the RNA domain (a helical stem, a 

bulged nucleotide, and a 17 -member single-stranded loop) . The wild-type 

RNA (3 5mer) and a number of mutants were transcribed in vitro from 

synthetic DNA templates with phage T7 RNA polymerase. With the 

wild-type oligoribonucleotide the ricin A-chain catalyzed reaction has a Km 

of 13.55 microM and a Kcat of 0.023 min-1. Recognition and catalysis by 

ricin A-chain has an absolute requirement for A at the position that 

corresponds to 4324. The helical stem is also essential; however, the 

number of base -pairs can be reduced from the seven found in 28 S rRNA 

to three without loss of identity. The nature of these base-pairs can 

affect catalysis. A change of the second set from one canonical (G.C) to 

another (U.A) reduces sensitivity to ricin A-chain; whereas, a change 

of the third pair (U.A G.C) produces supersensitivity. The bulged 

nucleotide does not contribute to identification. Hydrolysis is affected by 
altering the nucleotides in the universal sequence surrounding A4324 or by 
changing the position in the loop of the tetranucleotide GA (ricin) GA: all 
of these mutants have a null phenotype . If ribosomes are treated first with 
alpha-sarcin to cleave the phosphodiester bond at G4 325 ricin can still 
catalyze depurination at A4324. This implies that cleavage by alpha-sarcin 
at the center of what has been presumed to be a 17 nucleotide 
single- stranded loop in 2 8 S rRNA produces ends that are constrained in 
some way. On the other hand, hydrolysis by alpha-sarcin of the 
corresponding position in the synthetic oligoribonucleotide prevents 
recognition by ricin A-chain. The results suggest that the loop has a 
complex structure, affected by ribosomal proteins, and this bears on 
the function in protein synthesis of the alpha-sarcin/ricin rRNA domain. 
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A secondary structure in the 5' noncoding region of avian 
retrovirus RNA , called the U5 -leader stem, was shown previously to 
have a role in initiation of reverse transcription (D. Cobrinik, L . Soskey, 
and J. Leis, J. Virol. 62:3622-3630, 1988). We now show that an additional 
RNA secondary structure near the U5 terminus, called the 

U5-IR stem, is also important for reverse transcription. Mutations that 
disrupt the U5-IR stem cause a replication defect associated with both a 
decrease in synthesis of viral DNA in infected cells and a decrease in 
initiation of reverse transcription in melittin-permeabilized virions. 
Structure -compensating base substitutions in the U5-IR restore 
reverse transcription efficiency. In viral DNA, U5-IR sequences are 
included in the U5 terminal region that functions as a viral integration 
donor site. When base substitutions are introduced into these sequences, a 
reduced efficiency of integration in vitro and in vivo is observed. 
These observations indicate that U5-IR sequences have a structural role in 
reverse transcription of viral RNA and a sequence-specific role in 
the integration of viral DNA. 
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N- (1-Pyrenyl) iodoacetamide has been used to introduce fluorescent probes 
into Escherichia coli RNA polymerase. After an incubation time 
of 15 min, approximately 2 pyrene equiv was introduced per enzyme molecule. 
There was no further increase in modification after *more extended periods 
of incubation. Neither calf thymus DNA nor nucleotides protected the 
holoenzyme from modification. Thus, the sites of modification do not appear 
to involve the binding sites for polynucleotides or the ribonucleoside 
triphosphates. From the isolation and analysis of the individual subunits, 
it was found that sigma contained approximately 1 pyrene equiv, beta 
contained 0.6, beta' contained 0.6, and alpha less than 0.1. Spectral and 
Stern-Volmer analyses indicate that the covalently attached pyrene 
molecules are in comparable apolar microenvironments . On the basis of CD 
analyses, the introduction of pyrene molecules into RNA 
polymerase alters its secondary structure . This 
alteration in secondary structure manifests itself by a 
reduction in overall enzymatic activity. Transcript analysis of the 
products obtained by using a linearized plasmid containing the Al promoter 
and the Te terminator of bacteriophage T7 indicates that the pyrenyl 
derivative is capable of producing full-length transcripts and that it has 
an efficiency of chain termination comparable to the native enzyme. 
Analysis of tau plots for the interaction of the pyrenyl derivative and the 
native enzyme, respectively, with the Al promoter yielded comparable values 
for the isomerization constant in the conversion of the closed complex to 
an open one. Comparable values were also obtained for the association 
constant. The rate of chain elongation for the pyrenyl derivative, however, 
is approximately 54% of that observed for the native enzyme. Thus, the 
decrease in overall transcriptional activity observed with the pyrenyl 
derivative is not due to a decrease in the efficiency of initiation or 



premature termination, but rather to a decrease in the rate of chain 
elongation. 
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We present evidence that a subset of mRNAs in the human parasitic 
trematode Schistosoma mansoni contain an identical 36-nucleotide spliced 
leader (SL) sequence at their 5' termini. The SL is derived from a 
90 -nucleotide nonpolyadenylylated RNA (SL RNA) , presumably by 
trans-splicing. Neither the SL nor the SL RNA share significant 
sequence identity with previously described trans -spliced leaders and SL 
RNAs in trypanosomatid protozoans or nematodes. However, several features, 
such as predicted secondary structure, trimethylguanosine cap, 
and potential Sm binding site, suggest similarities among SL RNAs in widely 
divergent organisms. Our evidence also indicates that the exon 3 acceptor 
site of the 3 -hydroxy- 3 -me thylglutaryl-CoA reductase gene can be 
spliced either to the SL by trans -splicing or to an upstream exon, 2, by 
cis-splicing . The presence of a SL sequence in S. mansoni, a member of the 
phylum Platyhelminthes, suggests that transplicing may be a common feature 
of other lower invertebrates . 
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Human immunodeficiency virus type 1 Rev protein modulates the 
distribution of viral mRNAs from the nucleus to the cytoplasm by 
interaction with a highly structured viral RNA sequence, the 
Rev-responsive element (RRE) . To identify the minimal functional elements 
of RRE, we evaluated mutant RREs for Rev binding in vitro and Rev response 
in vivo in the context of a Gag expression plasmid. The critical functional 
elements fold into a structure composed of a stem- loop A, formed by 



the ends of the RRE, joined to a branched stem-loop B/B1/B2, between bases 
49 and 113. The 5' 132 nucleotides of RRE, RREDDE, which possessed a 
similar structure , bound Rev efficiently but were nonfunctional in 
vivo, implying separate binding and functional domains within the RRE. 
Excision of stem- loop A reduced Rev binding significantly and 
abolished the in vivo Rev response. The B2 branch could be removed without 
severe impairment of binding, but deletions in the Bl branch significantly 
reduced binding and function. However, deletion of 12 nucleotides, 
including the 5' strand of stem B, abolished both binding and function, 
while excision of the 3' strand of stem B only reduced them. 
Maintenance of the native RRE secondary structure alone was not 
sufficient for Rev recognition. Many mutations that altered the primary 
structure of the critical region while preserving the original 
RNA conformation were Rev responsive. However, mutations that changed 
a 5 1 . . CACUAUGGG . . 3 ' sequence in the B stem, without affecting the overall 
structure abolished both in vitro Rev binding and the in vivo Rev 
response . 
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alpha-Sarcin is a cytotoxic protein that inactivates ribosomes by 
hydrolyzing a single phosphodiester bond on the 3 1 side of G-4325 in 
eukaryotic 28 S rRNA. We have examined the requirements for the recognition 
by alpha-sarcin of this domain using a synthetic oligoribonucleotide 
(35-mer) that reproduces the sequence and, we presume, the secondary 
structure (a stem, a bulged nucleotide, and a loop) at the site of 
modification. The wild type structure and a large number of variants 
were transcribed in vitro from synthetic DNA templates with phage T7 
RNA polymerase . Recognition of the substrate is strongly 
favored by a G at the position that corresponds to 4325. There is an 
absolute requirement for a helical stem; however, it can be reduced 
from the 7 base pairs in the natural structure to 3 without loss of 
specificity. The nature of the base pairs in the stem modifies but does not 
abolish recognition; whereas, the bulged nucleotide does not contribute to 
identification. Cleavage is materially affected by altering the nucleotides 
in the universal sequence surrounding G-4325 and changing the position in 
the loop of the tetranucleotide GAG (sarcin) A leads to loss of recognition 
by the toxin. We propose that the alpha-sarcin domain RNA 
participates in elongation factor catalyzed binding of aminoacyl - tRNA and 
of translocation; that translocation is driven by transitions in the 
structure of the alpha-sarcin domain RNA initiated by the 
binding of the factors, or the hydrolysis of GTP, or both; and that to 
toxin inactivates the ribosomes by preventing this transition. 
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The attenuation model for transcriptional regulation of the Escherichia 
coli pyrBI operon is based on the assumption that transcription terminates 
upstream of the structural genes at a rho- independent terminator when cells 
contain high levels of UTP. When, however, the cells are limited for 
pyrimidines, the presence of ribosomes translating the short leader peptide 
is presumed to cause an alteration in the secondary structure 
of the terminator in a way that allows RNA polymerase to 
transcribe the entire operon. These two premises of transcriptional 
regulation were tested by using exonuclease protection assays to map the 3 • 
ends of transcripts extracted from cells containing either ample or 
depleted concentrations of pyrimidines. The results support the model since 
99% of the pyrBI transcripts terminated at the (G + C) -rich region of dyad 
symmetry upstream of the structural genes when cells were grown in excess 
uracil. In addition, a significant portion (36%) of the pyrBI transcripts 
extracted from cells containing reduced pyrimidine concentrations 
extended past the dyad into the structural genes. This observation 
correlated with the amounts of aspartate transcarbamoylase synthesized in 
cells under the various conditions. The mapping technique was also used to 
determine the position of the 5 ' ends of the transcripts to measure 
contributions of two potential start sites (PI and P2) to the pool of pyrBI 
transcripts. The results show that under all conditions no more than 3% of 
the total transcripts had 5' ends corresponding to the upstream promoter, 
PI. In cells lacking PI virtually all transcripts from P2 terminated at the 
(G + C) -rich hairpin when the cellular level of pyrimidines was high. 
Conversely 57% of the transcripts extended past the terminator when cells 
were grown in UMP. The SI nuclease technique also provided a measure of the 
steady state level of transcripts originating at P2 . In cells depleted of 
pyrimidines there was a 5 -10 -fold increase in these transcripts depending 
on the number of copies of pyrBI. This increase, which is independent of 
attenuation, is caused by a different regulatory mechanism which as yet has 
not been identified. 
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The hammerhead structural model proposed for sequences that mediate 
self -cleavage of certain RNAs contains base-paired three stems and 13 
conserved bases. Insertion, deletion and base substitution mutations were 
carried out on a 5 8 base RNA containing the sequence of the 
single -hammerhead structure of the plus RNA of the virusoid of 
lucerne transient streak virus, and the effects on self -cleavage assessed. 



Results showed that there is flexibility in the sequence requirements for 
self -cleavage in vitro, but alterations of the conserved sequence or 
predicted secondary structure generally reduced the 
efficiency of self -cleavage . 
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A promoter with the potential to adopt a 50 basepair (bp) cruciform 
spanning from -19 to -69 has been constructed in the plasmid pBR322 
tetracycline resistance gene (tet) by forming an inverted repeat from '-35' 
sequences. Compared to a control promoter, the sequence of this cruciform 
promoter differs only by a 22 bp insertion between -48 and -69, upstream 
from the usual location of promoter sequences. The cruciform is extruded in 
a supercoil -dependent manner, and transcription from this promoter in vitro 
by RNA polymerase decreases as the negative supercoil density 
of the plasmid DNA increases. In contrast, transcription from the control 
promoter increases with negative supercoiling . Thus, DNA secondary 
structure in the '-35' region can affect promoter -polymerase 
interaction. The tet promoter cruciform also influences expression of the 
pBR322 beta-lactamase gene (bla) . This apparently results when extrusion of 
the cruciform reduces the superhelicity of the plasmid molecule to a 
level that is below the optimum for expression from the bla promoter, 
illustrating one mechanism for how DNA secondary structure may 
effect action-at-a-distance . Transcription from both promoters in vivo does 
not differ from controls, suggesting that this cruciform is not generated 
to a significant extent intracellularly , most probably as a result of the 
slow kinetics of extrusion. 
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Premature termination of transcription has been demonstrated by 
eukaryotic RNA polymerase II at specific sites in the major 
late transcriptional unit of SV40 and in one of the transcriptional units 
of the parvovirus, minute virus of mice (MVM) (Y. Aloni and N. Hay, CRC 



Critical Reviews of Biochem. , 18:327-383, 1985). In both cases the 

prematurely terminated (attenuated) RNA can be folded into a hairpin 

structure followed by U-residues that resemble a termination signal 

in prokaryotes. The experiments presented herein demonstrate premature 

termination of transcription 185 nucleotides (nt) downstream from the major 

late promoter of adenovirus type 2 (Ad2) in vivo, and in vitro in isolated 

nuclei and in HeLa whole cell extract. As in SV40 and MVM the attenuated 

RNA of Ad2 can be folded into a hairpin structure followed by 

U-residues. Transcription-termination was significantly reduced when 

ITP replaced GTP and when Br-UTP replaced UTP in the transcription reaction 

mixture, indicating that RNA secondary structure and the 

rU-dA interactions, respectively, are parts of the termination signal. 
Moreover, in isolated nuclei transcription-termination at the attenuation 
site occurred when the reaction mixture contained between 50-150 mM NaCl 
but not when it contained 300 mM NaCl . These results indicate that, at 
least in isolated nuclei, attenuation can be regulated. The possible 
involvement of termination factor (s) in the regulation of attenuation is 
discussed. 
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Translation of foreign mRNAs is enhanced by a cis-acting derivative 
(omega 1 ) of the 5' -leader sequence (omega) of tobacco mosaic virus 
RNA (vulgare strain) . To explain this effect we have conducted 
several experiments in vitro. 1. The presence of various 5' -terminal 
sequences, including omega 1 , did not significantly increase the half-lives 
of chloramphenicol acetyltransf erase (CAT) or neomycin phosphotransferase 
(NPTII) mRNAs in wheat -germ extract. Also, a long leader sequence, 
unrelated to omega', did not enhance expression of NPTII mRNA in vitro. 2. 
The ability of several leader sequences, including omega 1 , to form multiple 
initiation complexes with 80S (wheat germ) ribosomes was examined using CAT 
or NPTII mRNAs incubated in the presence of sparsomycin. Formation of 
disome complexes was unrelated to the capacity of a 5' -leader sequence to 
enhance translation. 3. Expression of CAT mRNA in both wheat germ extract 
and messenger-dependent rabbit reticulocyte lysate was less susceptible to 
inhibition by increasing salt concentration when a 5 ' -proximal omega' 
sequence was present. This effect was less marked when the CAT mRNA was 
capped. Conversely at high salt concentrations, capping was less 
stimulatory for mRNA with a 5 ' -proximal omega' sequence. These data suggest 
that omega' and the cap enhance translation, at least in part, by a similar 
mechanism. We propose that both features reduce RNA 
secondary structure , thereby rendering the 5' terminus more 
accessible to scanning by 40S ribosomal subunits and/or interaction with 
associated initiation factors. This conclusion was supported by 
computer-based secondary- structure analyses of our SP6 
RNA polymerase transcript sequences. The ability of 5' leader 
sequences from brome mosaic virus RNA 3, alfalfa mosaic virus 
RNA 4, and the genomic RNAs of turnip yellow mosaic virus, Rous 
sarcoma virus or tobacco mosaic virus (tomato strain) to enhance mRNA 



translation in eukaryotic systems may also be correlated with their 
respective secondary structures. A different mechanism probably 
accounts for the omega 1 -dependent enhancement of mRNA expression in 
Escherichia coli or in E. coli cell-free systems. 
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The thr operon of Escherichia coli is regulated by an attenuation 
mechanism in which regulated transcription termination occurs in response 
to the levels of charged tRNAthr and tRNAile. Transcription of the thr 
operon regulatory region in vitro produces a 162 -base transcript that is 
terminated efficiently at the attenuator. The attenuator sequence is 
similar to other rho- independent terminators. It contains a G + C region of 
dyad symmetry followed by a run of 9 A + T residues. We have characterized 
in detail the sequence requirements for efficient transcription termination 
in vitro. Using a set of point mutations in the G + C region of dyad 
symmetry of the thr attenuator, we have characterized the effects of these 
mutations on the efficiency of transcription termination. The efficiency 
was reduced in all of the mutants analyzed with the greatest effect 
being an approximate 2 0% decrease in termination. In some instances the 
electrophoretic mobilities of the terminated transcripts on 8% 
polyacrylamide, 8 M urea gels were shifted substantially relative to the 
wild type-terminated transcript, but the sites of transcription termination 
were altered by only a few base pairs. We also constructed a set of 
deletions removing consecutive thymidines which follow the G + C-rich 
region of dyad symmetry. Removal of 1 or 3 of the 9 thymidine residues had 
no effect on termination efficiency in vitro or in vivo. Removal of four to 
six thymidines caused a linear decrease in the efficiency of termination. 
When only one or two thymidines were present in the template, termination 
was completely abolished. These results indicate that both the integrity of 
the RNA stem and the length of the consecutive thymidine residues are 
important signals recognized by RNA polymerase during 
transcription of the thr operon regulatory region. 
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During transcription of DNA templates in vitro, Escherichia coli 
RNA polymerase pauses at certain sequences before resuming 
elongation. Previous studies have established that some pausing events are 
brought about by the formation of RNA hairpin structures in the 
nascent transcript; however, it is not known whether this is an invariant 
and causal relationship. We have mapped and characterized almost 200 
distinct pause sites located within the early region of bacteriophage T7 
DNA using a collection of T7 deletion mutant DNAs and taking advantage of a 
procedure that permits synchronous transcription from the T7 Al promoter. 
The pausing pattern is sensitive both to the overall concentration of 
nucleotide substrates and to the relative concentrations of the four 
nucleotides. The apparent Ks value for a particular nucleoside triphosphate 
can vary over a 500 -fold range depending on the nucleotide sequence, and 
pausing at some sites can be induced by modest reductions in 
substrate concentrations. However, pausing is not solely a consequence of 
substrate limitation. Pausing at certain sites is caused by some feature of 
the template or of the transcript itself. Substitution of inosine 
triphosphate (ITP) for GTP during transcription strongly affects the 
pattern and strength of pausing events, suggesting that base -pairing 
interactions involving the RNA strand are important for some pausing 
events. Other pauses are determined by sequences downstream from the 
elongation site that have not yet been transcribed, and pausing at these 
sites is generally insensitive to substitution of IMP for GMP in the 
nascent transcript. Pausing at one particular site on T7 DNA is strongly 
enhanced by the presence of E. coli gene nusA protein. These results 
confirm that there are multiple classes of sites that lead to 
transcriptional pausing, and provide a collection of sites for further 
study. Using selected pause sites in the early region of T7 DNA, we have 
tried to evaluate the possible roles of primary sequence, base composition 
and secondary structure in pausing. Computer analysis was used 
to compare primary sequences and potential RNA hairpin structures in 
transcripts for pauses known to share similar biochemical properties. We 
see no correlation of pause sites with regions of particular base 
composition or with specific primary sequences. While some pauses are 
correlated with the potential to form stable RNA hairpins just 
upstream from the growing point of the RNA chain, there is not a 
strict one-to-one relationship between predicted RNA hairpins and the 
location of pause sites. (ABSTRACT TRUNCATED AT 400 WORDS) 
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Transcription of the tryptophan (trp) operon of Escherichia coli and 
other bacterial species is regulated by the formation of alternative 
secondary structures in the leader segment of the transcript. During 
in vitro transcription of the trp leader region RNA polymerase 

pauses at base pair 92 after synthesis of an RNA hairpin 
secondary structure . We studied the dependence of pausing on 
hairpin stability by examining mutant trp templates containing base pair 
substitutions in the region corresponding to the hairpin secondary 
structure . Base changes that lower the stability of the hairpin were 
found to reduce both the frequency and half -life of RNA 



polymerase pausing while base changes that do not affect hairpin 
stability had little effect on pausing. Pausing was enhanced by the nusA 
protein; this enhancement was greatly reduced on mutant templates 
specifying less stable hairpins. The frequency of pausing on some mutant 
templates was correlated with the extent of read- through transcription 
beyond the trp attenuator, suggesting a possible role for pausing in the 
coupling of transcription and translation during transcription of the 
leader region of the operon. 
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We have carried out measurements of the stable binding of the ribosomal 
protein (r-protein) complex L10-L7/L12 to mutant forms of the mRNA leader 
of the rplJ operon of Escherichia coli. One of the point mutations, base 
1548, which lies within the L10 -L7/L12 -protected region, almost completely 
abolishes in vitro formation of a stable complex of L10-L7/L12 with rplJ 
mRNA leader, and a second point mutation, base 1634, strongly reduces 
it. These observations constitute strong support for the proposition that 
L10-L7/L12 binds to the rplJ leader in bringing about translational 
feedback. To account for the action of these and other mutations, and to 
explain the mechanism of translation feedback inhibition, we suggest a 
secondary structure model involving alternate forms of the rplJ 
mRNA leader. 
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Nuclei which were isolated from SV4 0 infected cells with a hypotonic 
detergent- free buffer were used to establish in vitro conditions which lead 
to transcription-termination at the attenuation site of SV40. This system 
allowed us to identify regulatory elements involved in 
transcription-termination by RNA polymerase B transcribing 
SV40. Transcription-termination at the attenuation site was found to be 
ionic strength dependent. Efficient termination occurred at low {100 mM 
NaCl) but not at high (100 mM (NH4)2 S04 or 300 mM NaCl) ionic strength. 
When nuclei were prewashed with 300 mM NaCl, the efficiency of 
transcription-termination was low even when transcription was carried out 
at low ionic strength (100 mM NaCl) . Efficient transcription- termination in 
the high salt prewashed nuclei was reconstituted by complementation with a 
high salt (300 mM NaCl) soluble factor extracted from nuclei of uninfected 



cells. In addition, the efficiency of transcription-termination was 
significantly reduced when ITP replaced GTP in the transcription 
reaction mixture. Our data indicate that a nuclear factor and RNA 
secondary structure are essential regulatory elements involved 
in transcription-termination by RNA polymerase B. 



4/3,AB/99 (Item 99 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

03980227 82247965 PMID : 6179092 

Transcription termination at the tryptophan operon attenuator is 
decreased in vitro by an oligomer complementary to a segment of the leader 
transcript . 

Winkler M E; Mullis K; Barnett J; Stroynowski I; Yanofsky C 

Proceedings of the National Academy of Sciences of the United States of 
America (UNITED STATES) Apr 1982, 79 (7) p2181-5, ISSN 0027-8424 
Journal Code: 7505876 

Document type : Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

A DNA oligomer 15 nucleotides long was used to probe the involvement of 
RNA secondary structure in the control of transcription 

termination at the attenuator of the tryptophan (trp) operon of Escherichia 
coli. This 15-mer is perfectly complementary to a segment of trp RNA 
that is thought to play a role in regulation of attenuation. When added to 
an in vitro transcription reaction mixture containing wild-type E. coli or 
Salmonella typhimurium trp operon templates, the complementary 15-mer 
caused a 4-fold increase in read-through transcription. By contrast, the 
15-mer did not affect attenuation when a mutant E . coli template was used 
that does not allow formation of a crucial RNA secondary 
structure . Control experiments established that oligomers that were 
not complementary to E. coli trp leader RNA did not affect 
attenuation and that the 15-mer did not reduce termination when the 
transcript lacked a complementary region. Other experiments established 
that the 15-mer did not increase read- through transcription by allowing 
RNA polymerase molecules that might have already stopped at the 
attenuator to resume transcription. These findings provide direct support 
for the view that alternate base-paired structures control transcription 
termination at the trp attenuator. 
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This study compares the effects of in vitro modification of native duck 
reticulocyte DNA by [14C] -N-acetoxy-2-acetylaminof luorene in terms of 
alterations in DNA secondary structure, ability to reconstitute 
nucleosome structures in chromatin, and template activity for in vitro 
transcription. In contrast to the control native DNA, the 
carcinogen-modified DNA was susceptible to partial digestion by the 
single-strand-specific endonuclease SI. Depending on the particular 
conditions, for every [14C] -N-2-acetylaminof luorene residue released, about 



5 to 35 base pairs of DNA were also released during the SI nuclease 
digestion. Chromatin was reconstituted in vitro utilizing 
[14C] -N-2 -acetylaminof luorene-modified DNA and unmodified chromatin-associa 
ted proteins. This reconstituted chromatin showed the same kinetics and 
extent of digestion by staphylococcal nuclease and similar nucleosome 
profiles on sucrose gradient density centrifugation as those obtained with 
native chromatin or chromatin reconstituted with unmodified DNA. The 
carcinogen-modified DNA and also chromatin reconstituted from this DNA 
showed, however, marked reductions in their abilities to serve as 
templates for transcription with Escherichia coli RNA 
polymerase . These results suggest that the covalent binding of 
N-2 -acetylaminof luorene to DNA produces localized regions of denaturation 
in the DNA and that this is associated with a marked impairment in template 
activity during transcription. This modification, however, does not grossly 
affect the ability of the DNA to interact with chromosomal proteins to form 
apparently normal nucleosome structures. 
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Circular dichroic spectra of T7 RNA polymerase show minima at 
222 nm ( [theta] m=-7 . 9 X 10(3) deg cm2/dmol) and 208 nm ([theta]m =-7.55 X 
10(3} deg cm2/dmol) and a maximum at 193 nm ( [theta] m = 1.2 X 10 (4) deg 
cm2/dmol) . The small mean residue ellipticity above 200 nm indicates that 
the secondary structure contains approximately 12% alpha helix. 
The secondary structure is unaltered by high salt, glycerol, 
-SH reagents, nitration of tyrosyl residues, and chelating agents. Binding 
of the native enzyme to [32P]T7 DNA has been measured by the retention of 
the protein- [32P] DNA complexes on nitrocellulose filters. At 37degrees T7 
RNA polymerase binds to its promoters in the absence of NTP's. 
Binding and catalytic activity are both abolished at Odegree . Binding of 
the initiating [gamma- 3 2P] GTP can also be detected by the filter binding 
assay. Native T7 RNA polymerase is inactivated by reaction with 
1 mol of 5 , 5 ' -dithiobis (2 -nitrobenzoic acid) (Nbs2) or 1 mol of 
[14C] iodoacetamide. The latter reaction is blocked by Nbs2 suggesting that 
a single -SH group is required for activity. Alkylation of the -SH group 
does not alter binding of the enzyme to the DNA template, but modifies the 
binding of GTP to the enzyme. Nitration of approximately4 surface tyrosyl 
residues of the protein prevents binding to T7 DNA. The restriction 
endonuclease, Hpa II, cuts T7 DNA into approximately4 0 fragments and 
reduces total RNA synthesis by T7 RNA polymerase by 

70%. Fragmentation of the DNA template by Hpa II does not alter the rate of 

RNA chain initiation by T7 polymerase , and restriction 

fragments accounting for approximately2 5% of the T7 DNA still bind tightly 

to the enzyme. Thus the T7 RNA polymerase promoters remain 

intact on the restriction fragments. Gel electrophoresis of the 

transcription products, using restriction fragments as templates, show that 

of the seven in vitro transcripts produced by T7 RNA polymerase 

from whole T7 DNA, only the smallest (representing the last 1.5% of the 

genome) is transcribed from Hpa II fragments. The remaining transcripts are 

replaced by six new and much shorter mRNA's. The DNA fragments containing 

the promoters for these mRNA's have been removed from the fragment mix by 

binding them to the enzyme and retaining the complexes on nitrocellulose 



filters . 
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ABSTRACT: Folic acid and glycine are factors of great importance in early 
gestation. In sows, folic acid supplement can increase litter size 
through a decrease in embryonic mortality, while glycine, the most 
abundant amino acid in the sow oviduct, uterine, and allantoic fluids, is 
reported to act as an organic osmoregulator . In this study, we report the 
characterization of cytoplasmic serine hydroxyme thy 1 trans f erase (cSHMT) , 
T-protein, and vT-protein (variant T-protein) mRNA expression levels in 
endometrial and embryonic tissues in gestating sows on Day 2 5 of 
gestation according to the breed, parity, and folic acid + glycine 
supplementation. Expression levels of cSHMT, T-protein, and vT-protein 
mRNA in endometrial and embryonic tissues were performed using 
semiquantitative reverse transcription-polymerase chain reaction. 
We also report, for the first time, an alternative splicing event in the 
porcine T-protein gene. Results showed that a T-protein splice variant, 
vT-protein, is present in all the tested sow populations. Further 
characterizations revealed that this T-protein splice variant contains a 
coding intron that can adopt a secondary structure. Results 
demonstrated that cSHMT mRNA expression levels were significantly higher 
in sows receiving the folic acid + glycine supplementation, independently 
of the breed or parity and in both endometrial and embryonic tissues. 
Upon receiving the same treatment, the vT-protein and T-protein mRNA 
expression levels were significantly reduced in the endometrial 
tissue of Yorkshire -Landrace sows only. These results indicate that 
modulation of specific gene expression levels in endometrial and 
embryonic tissues of sows in early gestation could be one of the 
mechanism involved with the role of folic acid on improving swine 
reproduction traits . 
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ABSTRACT: Nitrogen starvation and blue light are the two environmental cues 
that control sexual differentiation in Chlamydomonas reinhardtii. 
Insertional mutagenesis was applied to generate mutants that still 
require nitrogen starvation as the initiating signal for gametogenesis 
but were no longer dependent on irradiation. In one mutant analysed, 
sequences adjacent to the site of insertion were cloned and used for the 
isolation of a genomic clone that, upon transformation, could complement 
the mutant phenotype. The gene identified (LRG6) encodes two mRNAs that 
appear to be the products of differential splicing. The two putative gene 
products derived from these mRNAs differ in their C-terminal ends. Both 
predicted gene products exhibit multiple hydrophobic domains with 
alpha-helical secondary structure typical for integral 
membrane proteins. These proteins may form pores, and may function as 
transporters of as-yet unknown substrates. Since rendering the LRG6 gene 
non- functional resulted in light -independence of gamete formation, it is 
suggested that this transporter may inhibit signal flux from the 
photoreceptor to target genes - either directly by its activity or 
indirectly by serving as a scaffold for signalling proteins. Shutting off 
this transporter may be required for the activation of signal flux in 
this pathway. This concept is supported by the observed reduction 
in LRG6 mRNA levels during the first phase of gametic differentiation. 
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ABSTRACT: The interdependence of steps in the processing of the eukaryotic 
preribosomal rRNA transcripts indicate that rRNA processing, at least in 
part, acts as a quality control mechanism to help ensure that only 
functional rRNA is incorporated into mature ribosomes . In search of 
structural components that underlie this interdependence, we have 
isolated a large protein complex or RAC that contains an independent 
binding site for all four of the transcribed spacers in the nascent 
pre -rRNA. In this study the RAC-binding site in the internal transcribed 
spacer 2 sequence of Schizosaccharomyces pombe rRNA transcripts was 
identified, and the influence of this site on rRNA maturation was 
assessed. Modification exclusion analyses indicate that the protein 
complex interacts with a helical domain previously shown to contain 
features common to both the internal transcribed spacer 1 and the 
3 '-external transcribed spacer. Mutagenic analyses in vitro confirm an 
interaction with this sequence, and parallel analyses in vivo indicated a 



critical role in both the maturation of the rRNA components of the large 
subunit as well as the 18 S rRNA component of the small subunit. 
Hybridization analyses also indicated greatly elevated levels of 
unprocessed nascent RNA. These effects are contrasted with 
mutations in other regions of the secondary structure that 
resulted in some reduction of plasmid- derived mature rRNA but no 
elevated levels of the precursor molecules. The significance with respect 
to rRNA maturation and the interdependences in rRNA processing are 
discussed. 
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ABSTRACT: Mammaglobin, a promising diagnostic marker for breast cancer, 
forms a covalent complex with lipophilin B. mRNA levels for each 
component of the complex were determined for a number of breast tumors 
and normal tissues, and correlation of message expression was highly 
significant between mammaglobin and lipophilin B (p < 0.0001). The 
complex was purified by both standard biochemical techniques and 
immunoaf f inity chromatography. N-Terminal sequencing revealed that 
mammaglobin and lipophilin B are processed as predicted by cleavage of 
their signal sequence after amino acids 19 and 21, respectively. Three 
molecular masses -representing the fully glycosylated form, the complex 
without one of the carbohydrate chains, and the deglycosylated 
proteins-are detected by ProteinChip array SELDI-TOF mass spectrometry 
after partial enzymatic deglycosylation. This is consistent with the two 
predicted N-linked glycosylation sites in the primary sequence of 
mammaglobin and each site having an attached sugar of apprx3500 Da. 
Reducing agents release lipophilin B from mammaglobin, and the free 
peptides are seen at their predicted molecular masses in the 
deglycosylated complex. Molecular modeling, secondary 
structure prediction, and circular dichroism indicate that the 
complex is a small alpha-helical globule that has three disulfide bridges 
and a carbohydrate chain at each pole. LC-ESI-MS shows that mammaglobin 
and lipophilin B are bonded in a head to tail orientation. This work 
describes the biochemistry of the mammaglobin/lipophilin B complex and 
lays the framework for use of this complex as a novel protein-based 
serological marker for breast cancer. 
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ABSTRACT: We studied the kinetics of nontemplated nucleotide addition by 
the reverse transcriptase (RT) of human immunodeficiency virus type 1 
(HIV-1) using model substrates derived from the 3' end of HIV-1 
minus -strand strong- stop DNA. The addition of a nontemplated nucleotide 
was highly dependent on the nature of the base (fastest addition with 
dATP) , type of nucleoside, and pH of the reaction buffer. The salt 
concentration, presence or absence of nucleocapsid protein, and nature of 
the blunt -ended duplex (DNA/ DNA versus RNA/DNA) had only limited 
effects. The efficiency and base specificity were strongly affected by 
the sequence at the 3' end of the blunt-ended duplex. In every case, 
nontemplated nucleotide addition was much slower than templated 
polymerization. The Kd for the incoming dNTP with an RT bound to a 
blunt-ended duplex was at least 1000-fold higher than with a duplex with 
a template overhang. At concentrations normally found in vivo, ATP can 
compete with dNTPs for binding to the polymerase active site and 
reduce the efficiency of nontemplated nucleotide addition. Although 
a stable ternary complex RT/DNA/dNTP could be readily detected by gel 
retardation assays if the DNA had a template overhang, stable ternary 
complexes were not observed with a blunt-ended duplex substrate. At in 
vivo concentrations of dNTPs (5-10 muM) , nontemplated nucleotide addition 
occurred, but it was very inefficient and the rate of nontemplated 
polymerization is at least 10000 -fold slower than the rate of templated 
polymerization. We could conclude that, in vivo, the unfavorable binding 
of the incoming dNTP, low concentration of dNTPs, the presence of a large 
concentration of ATP, and the inability to form a stable ternary complex 
prior to the polymerization step collaborate to reduce the 
efficiency of nontemplated nucleotide addition. 
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ABSTRACT: Corynebacteria codon usage exhibits an overall GC content of 67%, 
and a wobble-position GC content of 88%. Escherichia 'coli , on the other 
hand has an overall GC content of 51%, and a wobble -position GC content 
of 55%. The high GC content of Corynebacteria genes results in an 
unfavorable codon preference for heterologous expression, and can present 
difficulties for polyxnerase-based manipulations due to 
secondary- structure effects. Since these characteristics are 
due primarily to base composition at the wobble-position, synthetic genes 
can, in principle, be designed to eliminate these problems and retain the 
wild-type amino acid sequence. Such genes would obviate the need for 
special additives or bases during in vitro polymerase-based 
manipulation and mutant host strains containing uncommon tRNA's for 
heterologous expression. We have evaluated synthetic genes with 
reduced wobble-position G/C content using two variants of the 
enzyme 2 , 5-diketo-D -gluconic acid reductase (2,5-DKGR A and B) from 
Corynebacterium. The wild- type genes are refractory to polymerase 
-based manipulations and exhibit poor heterologous expression in enteric 
bacteria. The results indicate that a subset of codons for five amino 
acids (alanine, arginine, glutamate, glycine and valine) contribute the 
greatest contribution to reduction in G/C content at the 
wobble-position. Furthermore, changes in codons for two amino acids 
(leucine and proline) enhance bias for expression in enteric bacteria 
without affecting the overall G/C content. The synthetic genes are 
readily amplified using polymerase-based methodologies, and exhibit 
high levels of heterologous expression in E. coli. 
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ABSTRACT: The interaction of the zinc finger protein WT1 with RNA 

aptamers has been investigated using a quantitative binding assay, and 
the results have been compared to those from a previous study of the DNA 
binding properties of this protein. A recombinant peptide containing the 
four zinc fingers of WT1 (WT1-ZFP) binds to representatives of three 
specific families of RNA aptamers with apparent dissociation 
constants ranging from 13.8 +- 1.1 to 87.4 +- 10.4 nM, somewhat higher 
than the dissociation constant of 4.12 +- 0.4 nM for binding to DNA. An 
isoform that contains an insertion of three amino acids between the third 
and fourth zinc fingers (WT1 (+KTS) -ZFP) also binds to these RNAs with 
slightly reduced affinity (the apparent dissociation constants 
ranging from 22.8 to 69.8 nM) but does not bind to DNA. The equilibrium 
binding of WT1-ZFP to the highest-affinity RNA molecule was 
compared to the equilibrium binding to a consensus DNA molecule as a 
function of temperature, pH, monovalent salt concentration, and divalent 
salt concentration. The interaction of WT1-ZFP with both nucleic acids is 



an entropy-driven process. Binding of WT1-ZFP to RNA has a pH 
optimum that is narrower than that observed for binding to DNA. Binding 
of WT1-ZFP to DNA is optimal at 5 mM MgC12, while the highest affinity 
for RNA was observed in the absence of MgCl2 . Binding of WT1 to 
both nucleic acid ligands is sensitive to increasing monovalent salt 
concentration, with a greater effect observed for DNA than for RNA. 
Point mutations in the zinc fingers associated with Denys-Drash syndrome 
have dramatically different effects on the interaction of WT1-ZFP with 
DNA, but a consistent and modest effect on the interaction with RNA 
. The role of RNA sequence and secondary structure in 

the binding of WT1-ZFP was probed by site-directed mutagenesis. Results 
indicate that a hairpin loop is a critical structural feature required 
for protein binding, and that some consensus nucleotides can be 
substituted provided proper base pairing of the stem of the hairpin loop 
is maintained. 
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ABSTRACT: The terminal half of the 5' untranslated region (UTR) in the 
{ + ) -strand RNA genome of tomato bushy stunt virus was analyzed for 
possible roles in viral RNA replication. Computer-aided 
thermodynamic analysis of secondary structure, phylogenetic 
comparisons for base -pair covariation, and chemical and enzymatic 
solution structure probing were used to analyze the 7 8 nucleotide 
long 5' -terminal sequence. The results indicate that this sequence adopts 
a branched secondary structure containing a three -helix 

junction core. The T-shaped domain (TSD) formed by this terminal sequence 

is closed by a prominent ten base-pair long helix, termed stem 1 (SI) . 

Deletion of either the 5' or 3 * segment forming SI (coordinates 1-10 or 

69-78, respectively) in a model subviral RNA replicon, i.e. a 

prototypical defective interfering (DI) RNA, reduced in vivo 

accumulation levels of this molecule approximately 20-fold. 

Compensatory -type mutational analysis of SI within this replicon revealed 

a strong correlation between formation of the predicted SI 

structure and efficient DI RNA accumulation. RNA decay 

studies in vivo did not reveal any notable changes in the physical 

stabilities of DI RNAs containing disrupted Sis, thus implicating 

RNA replication as the affected process. Further investigation 

revealed that destabilization of SI in the (+) -strand was significantly 

more detrimental to DI RNA accumulation than (-) -strand 

destabilization, therefore Sl-mediated activity likely functions 

primarily via the {+) -strand. The essential role of SI in DI RNA 

accumulation prompted us to examine the 5 • -proximal secondary 

structure of a previously identified mutant DI RNA, RNA 

B, that lacks the 5' UTR but is still capable of low levels of 



replication. Mutational analysis of a predicted SI -like element present 
within a cryptic 5 '-terminal TSD confirmed the importance of the former 
in RNA B accumulation. Collectively, these data support a 
fundamental role for the TSD, and in particular its SI sub-element, in 
tombusvirus RNA replication. 
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ABSTRACT: Several metabolic abnormalities may be triggered secondary 
to hyperglycemia in diabetes. Some of these abnormalities may alter 
expression of vasoactive factors in the target organs of diabetic 
complications. We investigated alterations of endothelin-1 (ET-1) and its 
receptors, ETA and ETB, and associated structural changes in the 
myocardium of streptozotocin- induced diabetic rats after 6 months of 
hyperglycemia. We further assessed the preventive effects of an 
ET-receptor antagonist bosentanTM on these changes. Compared to the 
non-diabetic, age- and sex-matched control animals, diabetic rats showed 
hyperglycemia, glucosuria, reduced body weight gain and elevated 
glycated Hb levels. Measurement of ET-1, ETA and ETB mRNAs by 
semiquantitative RT-PCR showed significantly increased mRNA levels in the 
hearts of diabetic rats. Treatment with bosentanTM failed to reduce 
ET-1 or ETB mRNA expression in diabetes, however ETA mRNA expression was 
reduced. Immunocytochemically , ET-1 was detected in the 

cardiomyocytes , endothelium and smooth muscle cells of the larger blood 
vessels and was increased in diabetes. Autoradiographic localization of 
ET-1 receptors, using 125I-ET-1, showed increased binding in the 
endothelium and myocardium of diabetic animals. Histologically, focal 
fibrous scarring with apoptotic cardiomyocytes, consistent with changes 
secondary to microvascular occlusion, was only present in the 
diabetic rats. In keeping with focal fibrosis, myocardium from diabetic 
rats further showed significantly increased mRNA expression of two 
extracellular matrix protein transcripts, fibronectin and collagen 
alphal(IV) which were completely prevented by treatment with bosentanTM. 
These data suggest that hyperglycemia- induced upregulation of the 
ET- system in the heart may be important in the pathogenesis of cardiac 
involvement in diabetes. 
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ABSTRACT: The relationship between hairpin ribozyme structure, and 

cleavage and ligation kinetics, and equilibria has been characterized 
extensively under a variety of reaction conditions in vitro. We developed 
a quantitative assay of hairpin ribozyme cleavage activity in yeast to 
learn how structure -function relationships defined for RNA 
enzymes in vitro relate to RNA-mediated reactions in cells. Here, 
we report the effects of variation in the stability of an essential 
secondary structure element, HI, on intracellular cleavage 
kinetics. HI is the base-paired helix formed between ribozyme and 3 1 
cleavage product RNAs . HI sequences with fewer than three base-pairs fail 
to support full activity in vitro or in vivo, arguing against any 
significant difference in the stability of short RNA helices under 
in vitro arid intracellular conditions. Under standard conditions in vitro 
that include 10 mM MgCl2, the internal equilibrium between cleavage and 
ligation of ribozyme -bound products favors ligation. Consequently, 
ribozymes with stable HI sequences display sharply reduced 
self -cleavage rates, because cleavage is reversed by rapid re-ligation of 
bound products. In contrast, ribozymes with as many as 2 6 base -pairs in 
HI continue to self -cleave at maximum rates in vivo. The failure of large 
products to inhibit cleavage could be explained if intracellular 
conditions promote rapid product dissociation or shift the internal 
equilibrium to favor cleavage. Model experiments in vitro suggest that 
the internal equilibrium between cleavage and ligation of bound products 
is likely to favor cleavage under intracellular ionic conditions. 
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ABSTRACT: The lengthy 5' untranslated region (5'UTR) of coxsackievirus B3 



(CVB3) forms a highly ordered secondary structure, which 
plays an important role in controlling viral transcription and 
translation. Our previous work has delineated the internal ribosome entry 
site (IRES) by mutation of mono- and bicistronic plasmids containing the 
5'UTR and subsequent cell- free translation in rabbit reticular lysate 
(D. Yang, J. E. Wilson, D. R. Anderson, L. Bohunek, C. Cordeiro, R. 
Kandolf, and B. M. McManus . (1997). Virology 228, 63-73). To further 
identify the sequence elements responsible for viral translation and 
infectivity in tissue culture cells, >30 full-length mutants of CVB3 were 
constructed by mutations of the IRES and its flanking regions. Viral RNAs 
were transcribed from these constructs and transfected into HeLa cells. 
When the stem-loops G and H in the putative IRES were deleted, viral 
infectivity was abolished and viral protein translation was also 
undetectable by immunoblot analysis. However, when stem-loops A and B 
were deleted or stem- loop E was partially deleted, viral protein 
translation could be detected although cytopathic effect could not be 
observed. The data suggest that the crucial sequence of the IRES is 
located at stem-loops G and H . Further serial deletion mapping up and 
down stream of the crucial sequence defined more accurately the 5 • and 3 1 
boundaries of the IRES, located at nucleotides (nts) 309-432 and 639-670, 
respectively. These results indicate that the core sequence of the IRES 
should be located at nts 432-63 9. This IRES segment is much shorter and 
located closer to the initiation codon than that of poliovirus. To 
further define critical nucleotides within the IRES core, site-directed 
mutagenesis was conducted at the IRES core sequence by PCR. A 4 6-nt 
deletion in the pyrimidine-rich tract of stem-loop G abolished viral 
translation and infectivity. Interestingly, five single-nt substitutions 
in the pyrimidine-rich tract aimed at destabilizing the base pairing 
between the viral IRES and host 18S rRNA did not abolish CVB3 infectivity 
although viral protein translation was significantly reduced. This 
finding suggests that ribosomal internal initiation of translation and 
viral infectivity not only may require RNA secondary 
structure but also may need tertiary structure and perhaps 
the assistance of host protein factors. 
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ABSTRACT: The presence of secondary structure in the 5* region 

of a mRNA modulates the translational efficiency in E. coli. A computer 
program 1 ANARCI ' which enables us to study the propensity of any single 
stranded nucleotide sequence to form stable secondary structures 
has been developed. A unique feature of this program is a mutation module 
which allows simulation of a gradual unfolding of a secondary 
structure by changing the nucleotide sequence in a manner such that 



the corresponding free energy is reduced while the coding amino 
acid sequence remains unchanged. We have analysed the 5' region of a 
number of E. coli mRNAs . The results indicated that highly expressed 
genes had unfolded 5' region in their mRNA whereas some of the poorly 
expressed genes had stable fold with DELTAG < -5.5 kcal/mole. In order to 
determine the effect of stable fold on the heterologous expression of 
genes in E. coli we took the test case of Taq polymerase. The 
wild-type gene of Taq polymerase was poorly expressed in E, coli 
and had a stable fold in 5 • coding region including the initiation codon 
AUG with a DELTAG = -9.8 kcal/mole. This stable fold presumably 
interferes with the interaction of the initiation AUG codon, with the 
f-Met-tRNA, thus arresting translation. Using ANARCI we could predict 
point mutations in the fold region (without changing the amino acid 
sequence) which would break the predicted folded structure. The 
gene carrying the designed point mutations was constructed and tested for 
expression of Taq polymerase. A 24-fold increase in the level of 
expression of the enzyme was obtained. 
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ABSTRACT: Apolipoprotein (apo) B mRNA editing is the deamination of C6666 
to uridine, which changes the codon at position 215 3 from a genomically 
encoded glutamine (CAA) to an in- frame stop codon (UAA) . The apoB 
mRNA-editing enzyme complex recognizes the editing region of the apoB 
pre-mRNA with exquisite precision. Four sequence elements spanning 139 
nucleotides (nt) on the apoB mRNA have been identified that specify this 
precision. In cooperation with the indispensable mooring sequence and 
spacer element, a 5' efficiency element and a 3' efficiency element 
enhance editing in vitro. A phylogenetic comparison of 32 species showed 
minor differences in the apoB mRNA sequence, and the apoB mRNA from 31 
species was robustly edited in vitro. However, guinea pig mRNA was poorly 
edited. Compared with the consensus sequences of these 31 species, guinea 
pig apoB mRNA has three variations in the 3' efficiency element, and the 
conversion of these to the consensus sequence increased editing to the 
levels in the other species. From this information, a model for the 
secondary structure was formulated in which the mooring 
sequence and the 3' efficiency element form a double -stranded stem. 
Thirty-one mammalian apoB mRNA sequences are predicted to form this stem 
positioning C6666 two nucleotides upstream of the stem. However, the 
guinea pig apoB mRNA has a mutation in the 3 ' efficiency element (C6743 
to U) that predicts an extension of the stem and hence the lower editing 
efficiency. A test of this model demonstrated that a single substitution 
at 6743 (U to C) in the guinea pig apoB mRNA, that should reduce 



the stem, enhanced editing, and mutations in the 3' efficiency element 
that extended the stem for three base pairs dramatically reduced 
editing. Furthermore, the addition of a 20-nucleotide 3' efficiency 
element RNA, to a 58 -nucleotide guinea pig apoB mRNA lacking the 3' 
efficiency element more than doubled the in vitro editing activity. Based 
on these results, a model is proposed in which the mooring sequence and 
the 3' efficiency element form a double -stranded stem, thus suggesting a 
mechanism of how the 3* efficiency element enhances editing. 
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ABSTRACT: Arbuscular mycorrhizal (AM) fungi form symbiotic associations 
with plant roots. Around 150 species have been described and it is 
becoming clear that many of these species have different functional 
properties. The species diversity of AM fungi actively growing in roots 
is therefore an important component of ecosystem diversity. However, it 
is difficult to identify AM fungi below the genus level from morphology 
in planta, as they possess few informative characters. We present here a 
molecular method for identifying infra-generic sequence types that 
estimate the taxonomic diversity of AM fungi present in actively growing 
roots. Bluebell roots were sampled from beneath two different canopy 
types, oak and sycamore, and DNA sequences were amplified from roots by 
the polymerase chain reaction with fungal-specific primers for part 
of the small subunit ribosomal RNA gene. Restriction fragment 
length polymorphism among 141 clones was assessed and 62 clones were 
sequenced. When aligned, discrete sequence groups emerged that cluster 
into the three families of AM fungi: Acaulosporaceae , Gigasporaceae and 
Glomaceae. The sequence variation is consistent with rRNA secondary 
structure. The same sequence types were found at both sampling 
times. Frequencies of Scutellospora increased in December, and 
Acaulospora increased in abundance in July. Sites with a sycamore canopy 
show a reduced abundance of Acaulospora, and those with oak showed 
a reduced abundance of Glomus. These distribution patterns are 
consistent with previous morphological studies carried out in this 
woodland. The molecular method provides an alternative method of 
estimating the distribution and abundance of AM fungi, and has the 
potential to provide greater resolution at the infrageneric level. 
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ABSTRACT: The RNA challenge phage system enables genetic selection of 
proteins with RNA-binding activity in bacteria. These phages are 
modified versions of the temperate DNA bacteriophage P22 in which 
post-transcriptional regulatory events control the developmental fate of 
the phage. The system was originally developed to identify novel 
RNA ligands that display reduced affinity for the R17/MS2 
coat protein, as well as to select for suppressor coat proteins that 
recognize mutant RNA ligands. During the course of evaluating 
whether the HIV-1 Rev protein could direct lysogen development for 
bacteriophage derivatives that encode Rev response element (RRE) 
RNA sequences, two examples of RRE RNA ligands that interfere 
with challenge phage development were identified. In the phage examples 
described, RRE RNA secondary structure prevents Ant 

protein biosynthesis and lytic development. Phage lysogen formation 
occurs efficiently in recipient cells, independent of the expression 
status of the Rev protein or trans -acting competitor RRE RNA 
ligands. These studies provide the first example whereby RNA 
challenge phages may be applied to study RNA folding events and 
RNA structural interactions in an in vivo context. 
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ABSTRACT: The rpoS- encoded sigma-S subunit of RNA polymerase in 

Escherichia coli is a global regulatory factor involved in several stress 
responses. Mainly because of increased rpoS translation and stabilization 
of sigma-S, which in nonstressed cells is a highly unstable protein, the 
cellular sigma-S content increases during entry into stationary phase and 
in response to hyperosmolarity . Here, we identify the hfq-encoded 
RNA-binding protein HF-I, which has been known previously only as a 
host factor for the replication of phage Q-beta RNA, as an 
essential factor for rpoS translation. An hfq null mutant exhibits 
strongly reduced sigma-S levels under all conditions tested and is 
deficient for growth phase-related and osmotic induction of us. Using a 
combination of gene fusion analysis and pulse-chase experiments, we 
demonstrate that the hfq mutant is specifically impaired in rpoS 



translation. We also present evidence that the H-NS protein, which has 
been shown to affect zpoS translation, acts in the same regulatory- 
pathway as HF-I at a position upstream of HF-I or in conjunction with 
HF-I. In addition, we show that expression and heat induction of the heat 
shock sigma factor sigma-32 (encoded by zpoH) is not dependent on HF-I, 
although rpoH and rpoS are both subject to translational regulation 
probably mediated by changes in mRNA secondary structure. 
HF-I is the first factor known to be specifically involved in rpoS 
translation, and this role is the first cellular function to be 
identified for this abundant ribosome-associated RNA-binding 
protein in E. coli . 
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ABSTRACT: Transcription of the genes belonging to the phosphate (pho) 

regulon in Escherichia coli requires the specific activator protein PhoB, 
in addition to RNA polymerase containing the major sigma 
factor, sigma-70 which is encoded by rpoD. We previously isolated two 
mutant sigma-70s (D570G and E575K) that were specifically defective in 
transcribing the pho genes. The mutated sites were located near and 
within the first helix of the helix-turn-helix (HTH) motif of region 4.2 
of sigma-70. To study further the role of the first helix of the HTH 
motif of sigma-70 in transcriptional activation by PhoB, we made a series 
of rpoD mutations that alter the motif and purified the mutant sigma-70 
proteins. RNA polymerases containing the mutant sigma-70s Y571A, 
T572L, V576T, K578E and F580V showed reduced in vitro transcription 
from the pstS promoter, a representative pho promoter, in the presence of 
PhoB, whereas RNA polymerase containing another mutant 
sigma-70 (E574 K) showed enhanced transcription from the promoter. 
Transcription from the activator- independent tac promoter and the pBR-P4 
promoter, which is independent of PhoB and requires cAMP-CRP (cAMP 
receptor protein) for transcription, was affected at most only marginally 
by these sigma-701 70 mutations. These results provide further evidence 
that the first helix plays an important role in the specific interaction 
between RNA polymerase and PhoB protein bound to the pho 
promoters in transcriptional activation. 
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AUTHOR: Zhang Chunlin; Lee Choong-Sik; Guo Peixuan(a) 

AUTHOR ADDRESS: (a) Purdue Cancer Cent., B-36 Hansen Life Sci . Res. Build., 
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ABSTRACT: In vitro mutagenesis was performed to identify the DNA packaging 
domain of the 120-base pRNA essential and specific for DNA encapsidation 
by bacteriophage vphi-29 of Bacillus subtilis. All deletions and 
mutations targeted the 5 1 and 3' ends of the pRNA. DNA templates of a 
control or mutant pRNAs used for in vitro transcription with T7 RNA 
polymerase were generated by PCR. Fourteen mutant pRNA molecules 
were synthesized from DNA templates either directly after PCR or after 
cloning the PCR fragments into the pCR II vector. Ten of the mutant pRNA 
species were inactive in packaging of the vphi-29 genome. Mutation of 
base one at the 5* end did not affect the pRNA packaging activity. 
Mutation of the first two bases at the 5' end of the pRNA to 
noncomplementary bases in the predicted RNA secondary 
structure (U-l C-2/A-117G-116 to G-l G-2/A-117G-116) resulted in a 
pRNA with no detectable DNA-gp3 packaging activity assayed by either 
sucrose gradient sedimentation or agarose gel electrophoresis, and 
10 -5 -fold reduction in activity was found when measured by 
plaque -forming units with a new highly sensitive assay system. Changing 
bases 11 6 and 11 7 so that they were complementary to the mutated bases, 
1 and 2, from the previous mutant (G-l G-2/A- 117G- 116 to G-l 
G-2/C-11-7C-116) generated an RNA molecule with restored DNA 
packaging ability. Our results show that, although not essential for 
procapsid binding, both the 5' and 3' ends of the pRNA were proximate and 
crucial for vphi-2 9 DNA packaging. 
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Structural studies of the enveloped dsRNA bacteriophage vphi-06 of 
Pseudomonas syringae by Raman spectroscopy: II. Nucleocapsid 
structure and thermostability of the virion, nucleocapsid and 
polymerase complex. 
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Jr (a) 
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ABSTRACT: Structures and thermostabilities of the double -stranded (ds) 
RNA bacteriophage vphi-6 and of its isolated nucleocapsid- 
polymerase complex (nucleocapsid core) and dsRNA components have 
been investigated by Raman spectroscopy. The spectra show that proteins 
of the vphi-6 virion are collectively deficient in beta-sheet 
secondary structure. In particular, the major protein (P8) of 
the outer spherical shell of the vphi-6 nucleocapsid exhibits a 



secondary structure dominated largely by alpha-helix and 
irregular conformations. The absence of appreciable beta -structure 
in the P8 subunit suggests a tertiary conformation lacking the 
beta-barrel motif common to subunits of most other spherical viral 
capsids. In addition, the Raman spectra show that subunits of the 
dodecahedral nucleocapsid core are also predominantly alpha-helical. The 
results thus indicate a largely alpha-helical secondary 
structure for the major subunit (PI) of the vphi-6 nucleocapsid 
core, as well as for the P8 subunit of the outer spherical shell. Using 
Raman difference spectroscopy, we demonstrate that proteins of the 
nucleocapsid core (PI, P2 , P4 and P7) interact extensively with the 
packaged vphi-6 RNA genome, and further, that conformational 
stability of the packaged RNA is reduced upon removal from 
the core. Also, we find that proteins of the vphi-6 nucleocapsid are 
significantly more thermostable than proteins of the viral membrane 
envelope, which are reported in the accompanying paper {Li et al., 1993). 
The present results suggest that both the architectural principles and 
modes of protein-RNA interaction of the vphi-6 virion differ 
fundamentally from those of icosahedral single-stranded DNA viruses. Both 
Raman and circular dichroism spectra indicate that the dsRNA genome of 
vphi-6 is an A- form structure. The Raman marker bands signify the 
presence only of C3 r -endo/anti nucleoside conf ormers . The Raman signature 
of dsRNA, revealed in the spectrum of the vphi-6 genome, is discussed 
here as a model for assessing base-pairing and base-stacking interactions 
in other ribonucleoprotein assemblies. 
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Fluorine-19 nuclear magnetic resonance as a probe of the solution 
structure of mutants of 5 -fluorouracil - substituted Escherichia coli 
valine tRNA. 

AUTHOR: Chu Wen-Chy; Feiz Vahid; Derrick Wesley B; Horowitz Jack (a) 
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ABSTRACT: In order to utilize 19F nuclear magnetic resonance (NMR) to probe 
the solution structure of Escherichia coli tRNA-Val labeled by 
incorporation of 5-f luorouracil , we have assigned its 19F spectrum. We 
describe here assignments made by examining the spectra of a series of 
tRNA-Val mutants with nucleotide substitutions for individual 
5-f luorouracil residues. The result of base replacements on the 
structure and function of the tRNA are also characterized. Mutants 
were prepared by oligonucleotide-directed mutagenesis of a cloned 
tRNA-Val gene, and the tRNAs transcribed in vitro by bacteriophage T7 
RNA polymerase. By identifying the missing peak in the 19F 
NMR spectrum of each tRNA variant we were able to assign resonances from 
fluorouracil residues in loop and stem regions of the tRNA. As a result 
of the assignment of FU33, FU34 and FU29, temperature -dependent spectral 
shifts could be attributed to changes in anticodon loop and stem 
conformation. Observation of a magnesium ion-dependent splitting of the 
resonance assigned to FU64 suggested that the T-arm of tRNA-Val can exist 
in two conformations in slow exchange on the NMR time scale. Replacement 
of most 5-f luorouracil residues in loops and stems had little effect on 



the structure of tRNA-Val; few shifts in the 19F NMR spectrum of 
mutant tRNAs were noted. However, replacing the FU2 9 cntdot A41 base -pair 
in the anticodon stem with C2 9 cntdot G41 induced conformational changes 
in the anticodon loop as well as in the P-10 loop. Effects of nucleotide 
substitution on aminoacylation were determined by comparing the V-max and 
K-m values of tRNA-Val mutants with those of the wild- type tRNA. 
Nucleotide substitution at the 3' end of the anticodon (position 36) 
reduced the aminoacylation efficiency (V-max/K-m) of tRNA-Val by 
three orders of magnitude. Base replacement at the 5' end of anticodon 
(position 34) had only a small negative effect on the aminoacylation 
efficiency. Substitution of the FU2 9 cntdot A41 base-pair increased the 
K-m value 20 -fold, while V-max remained almost unchanged. The FU4 cntdot 
A69 base-pair in the acceptor stem, could readily be replaced with little 
effect on the aminoacylation efficiency of E. coli tRNA-Val, indicating 
that this base-pair is not an identity element of the tRNA, as suggested 
by others . 
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ABSTRACT: The biochemical mechanisms of resistance to CRC 680578, a new 
antitumor chloroethylnitrosourea . alpha . -amino acid derivative, were 
studied. Alterations in DNA, RNA and protein syntheses, SH-group 
content, drug efflux, activities of replicative and repair enzymes, such 
as ribonucleotide reductase, thymidine kinase, 

06 -alkylguanine-DNA-Alkyltransf erase and DNA polymerase .alpha, and 
.beta, and damages of the DNA secondary structure were 
investigated in sensitive and resistant to CRC 680578 leukemia L1210 
cells. It was found that the total SH-group number in drug-resistant 
cells was increased (about 1.3 -fold in comparison with sensitive cells) 
which seems to be due to the mechanisms of drug resistance. CHC 680578 
induced less pronounced inhibition and more rapid restoration of DNA and 
RNA synthesis in resistant cells. No differences between the 
ribonucleotide reductase and thymidine kinase activities were found 
either in intact cells of the both strains or after drug administration. 
The efficiency of repair of DNA chloroethyl adducts by 
06 -alkylguanine-DNA-alkyltransf erase in leukemia cells of various 
sensitivity was found to be identical. The differences in enzyme 
activities in intact cells of the both strains were insignificant. It was 
supposed that factors other than changes in the level of 

06 -alkylguanine-DNA-alkyltransf erase in leukemia cells may be responsible 
for the resistance to CRC 580578. The increase in the levels of DNA 
polymerase .alpha, and, especially, of DNA polymerase .beta., 
in sensitive (but not resistant) mouse leukemia cells 4 8 hours after drug 
administration is though to define the mechanism of resistance to the new 
antitumor agent CHC 68 0578. 
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TRANSCRIPTION REGULATION IN-VITRO BY AN ESCHERICHIA-COLI PROMOTER 
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ABSTRACT: A promoter with the potential to adopt a 50 basepair (bp) 

cruciform spanning from -19 to -69 has been constructed in the plasmid 

pBR 322 tetracycline resistance gene (tet) by forming an inverted repeat 

from '-35' sequences. Compared to a control promoter, the sequence of 

this cruciform promoter differs only by a 22 bp insertion between -48 and 

-69, upstream from the usual location of promoter sequences. The 

cruciform is extruded in a supercoil -dependent manner, and transcription 

from this promoter in vitro by RNA polymerase decreases as 

the negative supercoil density of the plasmid DNA increases. In contrast, 

transcription from the control promoter increases with negative 

supercoiling . Thus, DNA secondary structure in the '-35' 

region can affect promoter-polymerase interaction. The tet promoter 

cruciform also influences expression of the pBR322 . beta . -lactamase gene 

(bla) . This apparently results when extrusion of the cruciform 

reduces the superhelicity of the plasmid molecule to a level that 

is below the optimum for expression from the bla promoter, illustrating 

one mechanism for how DNA secondary structure may effect 

action-at-a-distance . Transcription from both promoters in vivo does not 
differ from controls, suggesting that this cruciform is not generated to 
a significant extent intracellularly, most probably as a result of the 
slow kinetics of extrusion. 
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MUTATIONS OF THE BETA SUBUNIT OF RNA POLYMERASE ALTER BOTH 

TRANSCRIPTION PAUSING AND TRANSCRIPTION TERMINATION IN THE TRP OPERON 
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ABSTRACT: RNA polymerase was purified from rifampicin- resistant 
mutants of Escherichia coli which exhibit altered transcription 
termination at the trp operon attenuator in vivo. These mutant 
polymerases were used to investigate transcription pausing at the trp 
leader pause site and transcription termination at the trp attenuator. 



The mutant polymerases examined in vitro mimic their in vivo termination 
responses; i.e., RNA polymerase isolated from a mutant which 
displays high transcriptional read- through of the trp operon in vivo 
allows greater transcriptional read-through in vitro, while RNA 
polymerase prepared from a mutant which has reduced 

read-through in vivo exhibits greater termination of transcription in 
vitro. The observed differences are not due to the presence of, or 
rsponse to, alternate secondary structures in the trp leader 
transcript since deletion of the DNA segment corresponding to some of 
these alternate structures does not affect termination efficiency. The 
mutant polymerases also have comparable effects on the kinetics of 
transcription pausing at the trp leader pause site; the 
termination-deficient polymerase exhibits diminished pausing while 
the termination-proficient polymerase displays enhanced pausing. 
This correlation may reflect polymerase recognition of similar 
features of RNA secondary structures in the pause and 
termination events. Since single mutational changes in RNA 
polymerase affect 2 activities, pausing and termination, a single 
site or region of the polymerase is probably involved in both 
events . 
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Bipartite modular structure of intrinsic, RNA 
hairpin- independent termination signal for phage RNA polymerases. 
Kwon Y S; Kang C 
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Document type: Journal Article 
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The phage SP6 RNA and T7 RNA polymerases, which are 
closely related to each other, intrinsically stop at two signals in the 
Escherichia coli rrnB terminator tl through different mechanisms. The 
downstream signal functioned without an RNA secondary 
structure formation, in which the signal was still active when 
separated from the upstream, hairpin-forming signal, and IMP incorporation 
enhanced its efficiency. The sequence from -15 to -1 was essential for the 
downstream, hairpin- independent termination (at -1) . The results of SP6 
transcription with heteroduplex templates and ribonucleotide analogs 
suggested that the downstream signal consists of two functionally different 
modules. The effects of iodo-CMP or IMP incorporation into RNA on 
termination efficiency were not sensitive to incorporation at -9 and 
upstream, but they were reactive to incorporation at -6 and -2, as 
reflected by strong iodo-rC:dG and weak rlidC base pairing. Thus, the 
downstream module (from -8 approximately -6 to -1) appears to facilitate 
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Preparation and characterization of N- (1-pyrenyl) iodoacetamide-labeled 
Escherichia coli RNA polymerase. 
Johnson R S; Bowers M; Eaton Q 

Department of Biochemistry, East Carolina University School of Medicine, 
Greenville, North Carolina 27858. 
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N- {1-Pyrenyl) iodoacetamide has been used to introduce fluorescent probes 
into Escherichia coli RNA polymerase. After an incubation time 
of 15 min, approximately 2 pyrene equiv was introduced per enzyme molecule. 
There was no further increase in modification after more extended periods 
of incubation. Neither calf thymus DNA nor nucleotides protected the 
holoenzyme from modification. Thus, the sites of modification do not appear 
to involve the binding sites for polynucleotides or the ribonucleoside 
triphosphates. From the isolation and analysis of the individual subunits, 
it was found that sigma contained approximately 1 pyrene equiv, beta 
contained '0.6, beta' contained 0.6, and alpha less than 0.1. Spectral and 
Stern-Volmer analyses indicate that the covalently attached pyrene 
molecules are in comparable apolar microenvironments . On the basis of CD 
analyses, the introduction of pyrene molecules into RNA 
polymerase alters its secondary structure. This alteration in 
secondary structure manifests itself by a reduction in overall enzymatic 
activity. Transcript analysis of the products obtained by using a 
linearized plasmid containing the Al promoter and the Te terminator of 
bacteriophage T7 indicates that the pyrenyl derivative is capable of 
producing full-length transcripts and that it has an efficiency of chain 
termination comparable to the native enzyme. Analysis of tau plots for the 
interaction of the pyrenyl derivative and the native enzyme, respectively, 
with the Al promoter yielded comparable values for the isomerization 
constant in the conversion of the closed complex to an open one. Comparable 
values were also obtained for the association constant. The rate of chain 
elongation for the pyrenyl derivative, however, is approximately 54% of 
that observed for the native enzyme. Thus, the decrease in overall 
transcriptional activity observed with the pyrenyl derivative is not due to 
a decrease in the efficiency of initiation or premature termination, but 
rather to a decrease in the rate of chain elongation. 
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The steroid-binding properties of recombinant glucocorticoid receptor: a 
putative role for heat shock protein hsp90. 
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The steroid-binding domain of the human glucocorticoid receptor was 
expressed in Escherichia coli either as a fusion protein with protein A or 
under control of the T7 RNA polymerase promoter. The 

recombinant proteins were found to bind steroids with the normal 
specificity for a glucocorticoid receptor but with reduced affinity (Kd for 
triamcinolone acetonide approximately 7 0 nM) . Glycerol gradient analysis of 



the E. coli lystate containing the recombinant protein indicated no 
interaction between the glucocorticoid receptor fragment and heat shock 
proteins. However, synthesis of the corresponding fragments of 
glucocorticoid receptor in vitro using rabbit reticulocyte lystate resulted 
in the formation of proteins that bound triamcinolone acetonide with high 
affinity {Kd 2nM) . Glycerol gradient analysis of these proteins, with and 
without molybdate, indicated that the in vitro synthesised receptor 
fragments formed complexes with hsp90 as previously shown for the 
full-length rat glucocorticoid receptor. Radiosequence analysis of the 
recombinant steroid-binding domain expressed in E. coli and affinity 
labelled with dexamethasone mesylate identified binding of the steroid to 
Cys-638 predominantly. However, all cysteine residues within the 
steroid-binding domain were affinity labelled to a certain degree 
indicating that the recombinant protein has a structure similar to the 
native receptor but more open and accessible. 
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Eukaryotic DNA replication. Enzymes and proteins acting at the fork. 
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A complex network of interacting proteins and enzymes is required for DNA 
replication. Much of our present understanding is derived from studies of 
the bacterium Escherichia coli and its bacteriophages T4 and T7 . 
These results served as a guideline for the search and the purification of 
analogous proteins in eukaryotes. model systems for replication, such 
as the simian virus 40 DNA, lead the way. Generally, DNA replication 
follows a multistep enzymatic pathway. Separation of the double -helical DNA 
is performed by DNA helicases. Synthesis of the two daughter strands is 
conducted by two different DNA polymerases: the leading strand is 
replicated continuously by DNA polymerase delta and the lagging 
strand discontinuously in small pieces by DNA polymerase alpha. The 
latter is complexed to DNA primase, an enzyme in charge of frequent 
RNA primer syntheses on the lagging strand. Both DNA polymerases 
require several auxiliary proteins. They appear to make the DNA polymerases 
processive and to coordinate their functional tasks at the replication 

fork. 3' 5 1 -exonuclease, mostly part of the DNA polymerase delta 

polypeptide, can perform proof-reading by excising incorrectly base-paired 
nucleotides. The short DNA pieces of the lagging strand, called Okazaki 
fragments, are processed to a long DNA chain by the combined action of 

RNase H and 5' 3 ' -exonuclease , removing the RNA primers, DNA 

polymerase alpha or beta, filling the gap, and DNA ligase, sealing 
DNA pieces by phosphodiester bond formation. Torsional stress during DNA 
replication is released by DNA topoisomerases . In contrast to prokaryotes, 
DNA replication in eukaryotes not only has to create two identical daughter 
strands but also must conserve higher-order structures like chromatin. 
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A simple assay for determining the capping efficiencies of RNA 
polymerases used for in vitro transcription. 
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We have developed an assay that uses phenyl boronate agarose column 
chromatography to measure the capping efficiencies of RNA polymerases 
used for in vitro transcription of cloned cDNAs . Capped 32P-labeled 
ovalbumin mRNAs were synthesized by in vitro run-off transcription with SP6 
or T7 RNA polymerase in the presence of cap analogs 

and digested to completion with Tl and T2 RNase . The resulting 
3 ' -nucleoside monophosphates (NMPs) and cap structures were separated by 
chromatography on phenyl boronate agarose, and the ratio of radioactivity 
between the two was used to estimate the extent of transcript capping. 
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Role of DNA polymerase 3' 5' exonuclease activity in the bypass 

of aminof luorene lesions in DNA. 
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N- (Deoxyguanosin-8-yl) -2- (acetylamino) f luorene (AAF-G) adducts in the DNA 
of bacteriophage M13 can be converted to N- (deoxyguanosin-8-yl) -2 -aminof luo 
rene (AF-G) adducts in situ by treatment with 1.0 M NaOH for 45 min at room 
temperature. The conversion is accompanied by a dramatic increase in the 
transfection activity of the samples which is correlated with the measured 
deacetylation of the acetylaminof luorene adduct . The pair of substrates 
(AAF-G/AF-G) with adducts at identical places in the DNA has been used to 
study bypass synthesis catalyzed by T7 DNA polymerase, an 

altered T7 DNA polymerase from which the 3' 5* exonuclease 

has been genetically removed by an 84 nucleotide deletion (Sequenase 2) , T4 
DNA polymerase and Escherichia coli DNA polymerase I. All 
polymerases appear blocked at acetylaminof luorene lesions. Sequenase 2 is 
apparently able to add nucleotides opposite the acetylaminof luorene lesion 
but is unable to catalyze further elongation. T7 DNA polymerase 

, including thioredoxin and with an active 3' 5' exonuclease, is unable 

to bypass aminof luorene adducts, whereas Sequenase 2 bypasses the lesions 
readily. The data support the view that the elongation step is rate 

limiting in synthesis past lesions and that low 3' 5' exonuclease 

activity allows the priming nucleotide opposite the altered template site 
to remain in position long enough for elongation past particular adducts. 



5/3,AB/l09 (Item 109 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

06669186 90366625 PMID: 2393673 

The study of nucleoside triphosphate -binding center of DNA-dependent 



RNA-polymerase of phage T7 using GTP analogs] 

Issledovanie nukleozidtrif osf atsviazyvaiushchego tsentra DNK- zavisimoi 
RNK-polimerazy faga T7 s pomoshch'iu analogov GTP. 

Akbarov A Kh; Tunitskaia V L; Baranova L A; Khropov Iu V; Krasil 1 nikova M 
M; Kochetkov S N 

Biokhimii a (Moscow, Russia) (USSR) May 1990, 55 (5) p829-35, 
ISSN 0320-9725 Journal Code: 0372667 

Document type: Journal Article ; English Abstract 

Languages: RUSSIAN 

Main Citation Owner: NLM 

Record type: Completed 

The NTP binding site of bacteriophage T7 DNA-dependent RNA 
polymerase was studied using GTP analogs. For four 
analogs the irreversible inhibition was demonstrated. The kinetic 
parameters for competitive (Ki) and irreversible (KI and k3) inhibition 
were determined. One of the analogs, 5 • [2 -hydroxy (4-iodoacetamido) ben 
zoyl] guanosine, was shown to inactivate the enzyme rapidly due to the 
modification of SH-groups. Some suggestions on the structure of the 
RNA polymerase active site have been made. 
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Bacteriophage T7 RNA polymerase was covalently modified 
by 5 ' - [4- f luorosulf onyl) benzoyl] adenosine (4 -FS02BzAdo) . The modified 
enzyme lacks the ability to catalyze RNA synthesis from the phi 10 
promoter of bacteriophage T7 ; both promoter and GTP binding being 
markedly decreased. The mild hydrolysis of the ester bond of 4-FS02BzAdo 
within the covalent enzyme- inhibitor complex restores the RNA 
synthesis at a lower rate. Sequence studies show that Lysl72 is the target 
of modification by 4-FS02BzAdo. This residue, which is situated in the 
polypeptide region connecting two domains of RNA polymerase, 
was shown to be the primary site of the limited proteolysis occurring in 
vivo [Ikeda, R. A. & Richardson, C. C. (1987) J. Biol. Chem. 262, 
3790-3799] . We propose that Lysl72 is located outside the active site. Once 
this residue has reacted with 4-FS02BzAdo, the nucleoside moiety of the 
analog is fixed in the NTP-binding site of the active centre and 
prevents binding of the substrates. Here, Lysl72 per se is not important 
for the activity but serves as an 'anchor' for binding of the inhibitor. 
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The ability of series of Ul snRNAs and U6 snRNAs to migrate into the 
nucleus of Xenopus oocytes after injection into the cytoplasm was analyzed. 
The U snRNAs were made either by injecting U snRNA genes into the nucleus 
of oocytes or, synthetically, by T7 RNA polymerase, 

incorporating a variety of cap structures. The results indicate that 
nuclear targeting of Ul snRNA requires both a trimethylguanosine cap 
structure and binding of at least one common U snRNP protein. Using 
synthetic U6 snRNAs, it is further demonstrated that the trimethylguanosine 
cap structure can act in nuclear targeting in the absence of the common U 
snRNP proteins. These results imply that U snRNP nuclear targeting signals 
are of a modular nature . 
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A full-length cDNA clone of the 9786 nt plum pox virus (PPV) RNA 
genome has been cloned downstream from a phage T7 RNA 
polymerase promoter. The RNAs synthesized by in vitro run-off 
transcription in the presence of the 5 1 cap analog m7GpppG were 
infectious in Nicotiana clevelandii plants. No infectivity was detected 
when the transcriptions were carried out in the absence of the cap 
analog . Inoculations of the local lesion host Chenopodium foetidum 
indicated that the infectivity of the synthetic transcripts was about 1% of 
that of the native viral RNA. An extra G present at the 5' terminus 
of the transcripts was lost during their replication in plants, and the 
typical length distribution of the poly (A) tails was recovered. The viral 
RNA recovered from transcript - infected plants had approximately the 
same specific infectivity as native viral RNA . A G/A sequence 
heterogeneity found between different cDNA subgenomic clones was used to 
demonstrate that the infections were caused by the in vitro transcripts and 
were not the result of contamination. 
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The study of transcription kinetics by T7 RNA 
polymerase is facilitated by the small size of its promoter, allowing 
the use of synthetic oligonucleotide templates with carefully defined 
sequences, we have previously used this approach to measure 
Michaelis-Menten steady-state kinetics for production of the five-base 
runoff transcript GGACU. In particular, Km for the interaction between 
enzyme and template under saturating levels of all four nucleotide 
triphosphates was shown to be approximately 0.02 microM. We now show that 
the corresponding Km and Vmax for initiation on a similar template coding 
for the runoff transcript GACU are the same as for the earlier study (Km = 
0.02 microM; kcat - 40-50 min-1) . This new template allows the measurement 
Km for association of the initial nucleotide GTP with enzyme or with the 
enzyme-DNA complex. The results show that KGTPm {0.60 mM) is somewhat 
higher than earlier approximations of Km for addition of elongating GTP 
during the later phase of processive elongation. As expected, the 
(initiating) Km for the GTP analogue ITP (KITPm) is increased (by 
about 2 -fold), presumably as a result of weakened Watson-Crick base 
pairing. However, comparison of Km values for the GTP analogues GMP 
and guanosine shows little effect on substitution of the 5 r -triphosphate by 
monophosphate or by a hydroxyl , respectively. This result suggests that a 
single active site has been evolutionarily adapted to accept from the 5' 
end of a waiting nucleotide both a 5 • -triphosphate at initiation and a 
5 ' -monophosphate ester (RNA) during elongation. (ABSTRACT TRUNCATED AT 
2 50 WORDS) 
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Yeast tRNA ligase, from Saccharomyces cerevisiae, is one of the protein 
components that is involved in the splicing reaction of intron- containing 
yeast precursor tRNAs. It is an unusual protein because it has three 
distinct catalytic activities. It functions as a polynucleotide kinase, as 
a cyclic phosphodiesterase, and as an RNA ligase. We have studied the 
binding interactions between ligase and precursor tRNAs containing two 
photoreactive uridine analogues , 4 -thiouridine and 5-bromouridine . 
When irradiated with long ultraviolet light, RNA containing these 
analogues can form specific cova^ent bonds with associated proteins. 
In this paper, we show that 4 -thiouridine triphosphate and 5-bromouridine 
triphosphate were readily incorporated into a precursor tRNA(Phe) that was 
synthesized, in vitro, with bacteriophage T7 RNA 
polymerase. The analogue -containing precursor tRNAs were 



hydrolysis and the resulting 2 ' and 3 1 nucleoside monophosphates separated 

by reverse-phase HPLC. The amount of 32P transferred to each monophosphate { 
was indicative of the frequency of their incorporation into the transcript. 

Transcripts synthesized in the presence of equimolar concentrations of j 
Bio-4-UTP and UTP resulted in 70 out of the 125 possible UTP sites occupied 

by Bio-4-UMP. This study agrees with kinetic data in suggesting that I 
T7 RNA polymerase does not significantly discriminate 

between the natural and the biotinylated nucleotide. Therefore, the number 
of biotinylated residues that are incorporated into a transcript can be 
controlled by varying the ratio of Bio-4-UTP to UTP in the transcription 
reaction. We have shown that as few as 10 Bio-4-UMP residues per 486 
nucleotide transcript still results in greater than 90% binding efficiency 
on a streptavidin/biotin-cellulose affinity column. 
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2 -Chloro- 2 ' -deoxyadenosine 5 ' -triphosphate (CldATP) was compared with 
dATP as a substrate for DNA synthesis by bacterial and viral DNA 
polymerases in vitro. Lengths of chain extension and DNA synthesis pause 
sites were determined by comparison with products generated by 
dideoxynucleotide sequencing methods on the same end- labeled 
primer/template duplex after high-resolution polyacrylamide gel 
electrophoresis. Reverse transcriptase (RT) from human immunodeficiency 
virus (HIV-1) and avian myeloblastosis virus (AMV) incorporated CldATP 
efficiently. DNA strand elongation continued past most chloroadenine (CIA) 
insertion sites but resulted in shorter chains than when dATP was inserted. 
Phage T4 DNA polymerase incorporated CldATP least efficiently; Klenow 
fragment of Escherichia coli DNA polymerase I and modified T7 

DNA polymerase (Sequenase) showed intermediate ability to utilize 
the analogue. Incorporation of several consecutive CIA residues into 
the replicating strand dramatically reduced the ability of Sequenase, 
Klenow fragment, and T4 DNA polymerases to continue strand elongation. In 
the absence of the corresponding normal deoxyribonucleoside triphosphate 
during DNA synthesis, CIA was frequently misincorporated as thymine, 
cytosine, or guanine by both AMV RT and HIV-1 RT but rarely, if at all, by 
Klenow fragment, Sequenase, and T4 DNA polymerase. Except T4 , for 
most DNA polymerases, CldATP at 10-20-fold molar excess over dATP was not a 
strong competitive inhibitor of dATP, as judged by the amount of strand 
extension and polymerase pause sites during DNA synthetic reactions. 
Our results indicate that the degree of strand extension in the presence of 
CldATP, the number and location of polymerase pause sites, and the 
amount of mis incorporation of the analogue are both polymerase - 
and sequence -dependent . 
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Interactions of the bacteriophage T7 DNA-dependent RNA 
polymerase with three GTP analogs have been studied. All of the 
three analogs tested contained substituted naphthalenesulphamide 
groups and were shown to be under appropriate conditions irreversible 
covalent inhibitors of the enzyme, the modified enzyme possessing 
fluorescent properties. One of these analogs contained the reactive 
2-bromoethyl phosphonate group and was shown to cause the loss of the 
enzyme affinity for polynucleotide templates. The other two modifiers which 
contained the azide reactive group did not alter the enzyme -template 
affinity, the polynucleotide binding leading to a notable increase of the 
enzyme fluorescence intensity. The latter two modifiers are supposed to be 
convenient for fluorescent labelling of the active site of RNA 
polymerase for enzyme -template binding studies. 
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T7 phage RNA polymerase was used to transcribe a series 
of DNA templates bearing any of several precisely localized lesions. 
Lesions were positioned downstream of the T7 promoter on either 
strand of the DNA template to investigate the effects of these lesions on 
elongation of transcription. The following four types of DNA modifications 
were studied: 1) 3 -hydroxy- 2 -hydroxymethyltetrahydrof uran (tetrahydrof uran) 
a synthetic apurinic/apyrimidinic site; 2) 8-oxoguanine (8-oxodG) , an 
oxidized derivative of guanine; 3) N-acetyl-2 -aminof luorene (AAF) modified 
guanine; 4) 2 -aminof luorene (AF) modified guanine. None of these lesions 
blocked transcription elongation when they were located on the non-template 
strand. Lesions on the template strand blocked elongation with varied 
efficiency. The series of AAF-dG, AF-dG, and tetrahydrof uran lesions showed 
a progressively decreasing ability to block elongation, while 8-oxo-dG 
caused little, if any, premature termination. T7 RNA 
polymerase was able to read through all of the lesions with 
sufficient efficiency to permit chain termination sequencing using the 
read-through products as templates. AAF-dG and AF-dG adducts did not induce 
detectable misreading. Adenine and, more rarely, cytosine were incorporated 
opposite 8-oxo-dG, as observed for translesional synthesis by DNA 
polymerases. Adenine was most commonly inserted opposite the 
non-instructional abasic site analogue, although a minor fraction of 
guanine was incorporated. 
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The Human Immunodeficiency Virus type-1 rev protein binds with high 
affinity to a bubble structure located within the rev-response element 
(RRE) RNA in stemloop II. After this initial interaction, additional 
rev molecules bind to the RRE RNA in an ordered assembly process 
which requires a functional bubble structure, since mutations in the bubble 
sequence that reduce rev affinity block multiple complex formation. We have 
used synthetic chemistry to characterize the interaction between rev 
protein and its high affinity binding site. A minimal synthetic duplex 
RNA (RBC6) carrying the bubble and 12 flanking base pairs is able to 
bind rev with 1 to 1 stoichiometry and with high affinity. When the bubble 
structure is inserted into synthetic RNA molecules carrying longer 
stretches of flanking double -stranded RNA , rev forms additional 
complexes resembling the multimers observed with the RRE RNA. The 
ability of rev to bind to RBC6 analogues containing functional group 
modifications on base and sugar moieties of nucleoside residues was also 
examined. The results provide strong evidence that the bubble structure 
contains specific configurations of non-Watson- -Crick G:G and G:A base 
pairs and suggest that high affinity recognition of RRE RNA by rev 
requires hydrogen bonding to functional groups in the major groove of a 
distorted RNA structure. 
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beta-L-3 ' -Deoxy thymidine 5 » -triphosphate (L-ddTTP) and beta-L-3 • -deoxy-2 1 
, 3 1 -didehydrothymidine 5 ' -triphosphate (L-d4TTP) were substrates for human 
immunodeficiency virus reverse transcriptase, Escherichia coli DNA 
polymerase I (Klenow) , and Sequenase (modified T7 DNA 
polymerase ) . The beta-D- and beta-L-enantiomers of 5-methyluridine 
5 ' -triphosphate (rTTP) were inhibitors but not substrates of reverse 
transcriptase. The steady-state Km values for L-ddTTP and L-d4 TTP, with all 
three enzymes, were 12 -70 -fold larger than the Km values for the 
corresponding D-enantiomers . The Km value of reverse transcriptase for 
L-ddTTP was 50 -fold larger than that for D-ddTTP because the Kd for L-ddTTP 
was 5- fold larger than that for D-ddTTP, and the first -order rate constant 
for incorporation of L-ddTMP into the template -primer was 10% that of the 
D-enantiomer . The D- and L-enantiomers had kcat values with reverse 
transcriptase and Sequenase that were similar to kcat for the natural 
substrate, thymidine 5 • -triphosphate (dTTP) . Thus, the rate determining 
step appeared to be dissociation of the enzyme-chain- terminated 



template -primer complex. In contrast, kcat values for the L-enantiomers 
with Klenow were only 0.1% that of dTTP, and the kcat values for the 
D-enantiomers were 15% the kcat for dTTP. The reduced kcat values were due 
to a change in rate determining step from dissociation of the 
Klenow-chain-terminated template-primer complex to an earlier step in the 
reaction mechanism, presumably catalysis. Thus, these DNA polymerases did 
not stereospecif ically recognize D-nucleoside 5 ' -triphosphate analogs 
as substrates. 
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We have examined the role of ras -related rab proteins in transport from 
the ER to the Golgi complex in vivo using a vaccinia recombinant T7 
RNA polymerase virus to express site-directed rab mutants. 
These mutations are within highly conserved domains involved in guanine 
nucleotide binding and hydrolysis found in ras and all members of the ras 
superfamily. Substitutions in the GTP-binding domains of rabla and rablb 
(equivalent to the ras 17N and 1161 mutants) resulted in proteins which 
were potent trans dominant inhibitors of vesicular stomatitis virus 
glycoprotein (VSV-G protein) transport between the ER and cis Golgi 
complex. Immunofluorescence analysis indicated that expression of rablbl21I 
prevented delivery of VSV-G protein to the Golgi stack, which resulted in 
VSV-G protein accumulation in pre-Golgi punctate structures. Mutants in 
guanine nucleotide exchange or hydrolysis of the rab2 protein were also 
strong trans dominant transport inhibitors . Analogous mutations in 
rab3a, rab5 , rab6 , and H-ras did not inhibit processing of VSV-G to the 
complex, sialic acid containing form diagnostic of transport to the trans 
Golgi compartment. We suggest that at least three members of the rab family 
(rabla, rablb, and rab2) use GTP hydrolysis to regulate components of the 
transport machinery involved in vesicle traffic between early compartments 
of the secretory pathway. 
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T3 and T7 phages package homologous DNA more efficiently than 



heterologous DNA and recombinant plasmids carrying DNA sequences necessary 
for DNA packaging (pac sequence) . The pac sequence contains a promoter for 
phage RNA polymerase and transcription from the promoter is 
necessary for DNA packaging, T3 and T7 RNA polymerases are 
stringently specific for their own promoters. To examine the relationship 
between DNA packaging and transcription, we constructed a cleared in vitro 
system for packaging T3 or T7 DNA containing an ammonium sulfate 
fractionate of a high-speed supernatant of phage- infected cells. In the 
system, DNA packaging required GTP and was inhibited by the 3 1 -deoxy 
analog of GTP, ATP, or CTP. The DNA packaging activity paralleled the 
transcriptional activity, assayed by incorporation of [32P]UTP into 
acid-insoluble material. In the system, homologous DNA was packaged more 
efficiently than heterologous DNA, but heterologous DNA was packaged as 
efficiently as homologous DNA by the addition of heterologous phage 
RNA polymerase , demonstrating that the transcriptional 
specificity determines the DNA packaging specificity of T3 and T7 . 
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2 ' -Fluoro- and 2 * -amino-2 1 -deoxynucleoside 5 ' -triphosphates have been 
investigated as substrates for T7 RNA polymerase . 

Michaelis-Menten kinetic parameters are reported for the incorporation of 
2 ' -f luoro-2 ' -deoxyuridine, 2 1 -f luoro-2 ' -deoxycytidine , and 2 ' -amino-2 1 -deox 
yuridine into runoff transcripts. The 2 ' -amino derivative of uridine is a 
better substrate than the 2 "-fluoro derivative. Gel electrophoretic 
analysis shows that full-length transcripts with a length of 2500 
nucleotides can be obtained with the analogues , although a 
considerable amount of shorter fragments accompanies the full-length 
product. In keeping with the kinetic analysis, the 2 ' -aminouridine 
triphosphate gives a cleaner product than the 2' -fluoro analogue. 
Transcription of two tRNA genes shows that such shorter templates can be 
transcribed to full-length products essentially without premature 
termination with any of the analogues. 
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mRNA3 specified by the coronavirus infectious bronchitis virus appears to 



be functionally tricistronic , having the capacity to encode three small 
proteins (3a, 3b, and 3c) from separate open reading frames (ORFs) . The 
mechanism by which this can occur was investigated through in vitro 
translation studies using synthetic mRNAs containing the 3a, 3b, and 3c 
ORFs, and the results suggest that translation of the most distal of the 
three ORFs, that for 3c, is mediated by an unconventional, cap -independent 
mechanism involving internal initiation. This conclusion is based on 
several observations. A synthetic mRNA whose peculiar 5' end structure 
prevents translation of the 5 1 -proximal ORFs (3a and 3b) directs the 
synthesis of 3c normally. Translation of 3c, unlike that of 3a and 3b, was 
insensitive to the presence of the 5' cap analog 7-methyl-GTP, and it 
was unaffected by alteration of the sequence contexts for initiation on the 
3a and 3b ORFs. Finally, an mRNA in which the 3a/b/c infectious bronchitis 
virus coding region was placed downstream of the influenza A virus 
nucleocapsid protein gene directed the efficient synthesis of 3c as well as 
nucleocapsid protein, whereas initiation at 3a and 3b could not be 
detected. Expression of the 3c ORF from this mRNA, however, was abolished 
when the 3a and 3b coding region was deleted, indicating that 3c initiation 
is dependent on upstream sequence elements which together may serve as a 
ribosomal internal entry site similar to those described for 
picornaviruses . 
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Three widely separated positions in the 16S RNA lie in or close to 
the ribosomal decoding region,- a site-directed cross -linking study with 
mRNA analogues . 
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Synthetic mRNA analogues were prepared by T7 transcription, 
each containing several thio-uridine residues at selected positions. After 
binding to the ribosome in the presence of cognate tRNA, the thio-U 
residues were activated by UV irradiation and the resulting sites of 
cross-linking to 16S RNA analysed. Three distinct cross-links were 
consistently observed: (i) from position '+6' of the mRNA (the 3 * -base of 
the A-site codon) to base 1052 of 16S RNA; (ii) from position '+7' of 
the mRNA to base 1395; and (iii) from '+11' to base 532. Individual yields 
of the cross -links were strongly dependent on the particular mRNA sequence 
in each case. The '+11/532' and 1 +6/1052' cross-links were always entirely 
tRNA- dependent , whereas the '+7/1395' cross-link was observed at lower 
intensity in the absence of tRNA. In the presence of a second (A-site 
bound) tRNA the +6/1052 cross-link was markedly reduced. A cross -link to 
the 1050 region was again observed when a message carrying a thio-U at 
position '+9' was translocated on the ribosome so as to bring the thio-U to 
position +6. Taken together, the data are incompatible with some current 
models both for the three-dimensional arrangement of 16S RNA and for 
the orientation of the tRNA-mRNA complex in the ribosome. 
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Identification of the Escherichia coli 30S ribosomal subunit protein 



neighboring mRNA during initiation of translation. 
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To identify the proteins of the 30S ribosomal subunit of E coli that 
neighbor mRNA in the ternary initiation complex (mRNA*30S 
subunit *tRNA(f Met) , we used an affinity cross -linking approach in which 
photoactivated groups were attached to different positions along the mRNA 
chain. A series of mini -genes originating from the 5 ' -end region of the cro 
gene of lambda bacteriophage were constructed as templates for mini-mRNA 
synthesis. Two strategies were used to introduce photo-reactive agents into 
the message. According to the first, two transcripts were isolated from E 
coli and chemically derivatized at their 5' -ends with a photoinducible 
diaziril group. One of these messages allowed for localization of the 
5 '-end of the Shine-Dalgarno sequence while the other one allowed for 
labeling of the ribosome at the 5' -end side of the initiation AUG codon in 
the P site. According to the second approach, 5-azidouridine (5N3U) was 
randomly incorporated into mRNA transcripts during a T7 RNA 
polymerase catalyzed reaction by using a mixture of 5N3UTP and UTP. A 
message that had U residues at either -4, -3, -1, +2 and +14, +19, +2 0 
positions was used (A from cro AUG is +1) . Whereas cross -links with the 
5N3U transcripts were essentially 'zero-length 1 , the 5 ' -derivatized 
transcripts were covalently attached to ribosomal components about 14 A 
from the 5' -end. We found that proteins SI, S7, S5 , S3 and S4 compose, or 
were close to, the ribosomal mRNA-binding site. (ABSTRACT TRUNCATED AT 250 
WORDS ) 
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The photoaf f inity analog of ATP, 8-azidoATpJ labels T7 
RNA polymerase. Photoincorporation exhifciJis--^a^uration behavior 
and is protected against by the substrate ATP. 8-AzidoATP is a competitive 
inhibitor of ATP incorporation with Ki approximately 4 0 microM. The 
photolabeled T7 RNA polymerase , following cyanogen 

bromide digestion, was analyzed by phenylboronate agarose column 
chromatography followed by reverse-phase high pressure liquid 
chromatography. Sequencing of the peptides labeled with radioactive 
photoprobe allowed the identification of three peptides, P314-M362 (I), 
L550-M666 (II) , and F751-M861 (III) . These peptides are in the proximity of 
the photoprobe 8-azidoATP and, therefore, expected to contain functionally 
significant residues and define an active site domain. These peptides (I 
and II) contain residues previously implicated in T7 RNA 
polymerase activity or show homology to active site regions of the 



Klenow fragment of DNA polymerase I (II and III) . 
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In the presence of the non-hydrolyzable analog of ATP, ATP gamma S, 
RecA protein can polymerize on an oligodeoxy-ribonucleotide to form a 
stable oligonucleoprotein filament that can find its homologous sequence in 
double -stranded DNA. The homologous joint formed by the oligonucleotide and 
duplex DNA is stable only if RecA protein is not removed. Such a 
nucleoprotein joint, covering a part or all of the promoter region of T3 or 
T7 phage RNA polymerase, blocked transcription directed 

by those polymerases. The same kind of joint, located downstream of the 
RNA polymerase promoter, also inhibited elongation of 
transcription and caused accumulation of truncated transcripts. These 
observations suggest that RecA protein can be used to shut off 
transcription from any promoter of known sequence. 
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A simple and efficient method for synthesizing long, site-specifically 
modified RNA molecules was developed whereby segments of RNA 
were joined with the use of bacteriophage T4 DNA ligase. A single hydrogen 
or O-methyl group was substituted for the 2 • -hydroxyl group at either 
splice site of a nuclear pre-messenger RNA substrate. Splicing of the 
modified pre-messenger RNA 's in vitro revealed that, although a 
2 ■ -hydroxyl is not absolutely required at either splice site, the 
2 • -hydroxyl at the 3 ' splice site is important for the second step of 
splicing. These results are compared to previous studies of analogous 
2 ' -hydroxyl groups in the self -splicing Tetrahymena group I intron. 
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The binding of rabbit globin mRNA to the 2 5-kDa cap binding protein 
eIF-4E from human erythrocytes was found to be 5. 3 -fold stronger than the 
binding of the cap analogue m7GpppG to eIF-4E [Gross et al . (1990) 
Biochemistry 29, 5008-5012] . In order to investigate whether this effect is 
due to the longer sequence of nucleotides in globin mRNA or to other 
features such as cap accessibility or secondary structure, 
oligoribonucleotide analogues of rabbit alpha-globin mRNA were 
synthesized by T7 RNA polymerase from a synthetic 

oligodeoxynucleotide template in the presence of m7GpppG; these 
oligoribonucleotide analogues possess varying degrees of cap 
accessibility and secondary structure. Equilibrium association constants 
for the interaction of these oligoribonucleotides and purified human 
erythrocyte eIF-4E were obtained from direct fluorescence titration 
experiments. The data indicate that while the presence of the m7G cap is 
required for efficient recognition by eIF-4E, the cap need not be 
completely sterically accessible, since other structural features within 
the mRNA also influence binding. 
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After NIH3T3 cells constitutively expressing T7 RNA 
polymerase were transfected (+ Ca .phosphate) with a circular DNA 
containing the firefly lucif erase (Luc) -encoding gene (luc) 3' to the 
encephalomyocarditis (EMC) virus 5 1 -untranslated sequence and T7 
promoter, Luc protein comprising approx. 20% of total cellular protein was 
obtained. After similar transfection of an analogous construct 
containing the lacZ gene into the same cell line, at least 50% of the cells 
produced beta-galactosidase . Fibroblasts lipofected with uncapped RNA 
transcripts containing EMC sequence expressed the reporter genes as 
efficiently as capped transcripts. A novel approach was used to generate 
RNA transcripts containing poly (A) at its very 3' end. RNA from 
a luc vector with a poly (A) sequence at the very 3' end produced 20-fold 
more Luc than the RNA from the same vector with an additional 3' 
nonpoly(A) sequence. These results suggest that this T7 RNA 
polymerase expression system will be useful for the efficient 
production of proteins in mammalian cells. 
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Three different genes (trpR+, tyrR+ and phi {trpR-lacZ) ) were inserted 
into pET3a, a multicopy transcription-translation vector designed by 
Rosenberg et al . (1) for the T7 RNA polymerase-driven . 

overexpression of proteins in Escherichia coli. Gene orientation was in the 
anticlockwise ("silent") direction. Gene expression in the absence of 
T7 RNA polymerase was evaluated either directly using 

lacZ reporter systems or indirectly by observing the susceptibility of 
plasmid-bearing tester strains to inhibition by an aromatic amino acid 
analog . The production of repressor proteins and of a Trp 
repressor-LacZ chimera was readily detected, at levels comparable to those 
of haploid trpR+ or tyrR+ E . coli strains. Such T7 vector constructs 
thus have two especially useful properties: first, they provide a means for 
the high-level production of various proteins in E. coli; second, they 
offer a technically advantageous point of departure for structure -function 
studies of genes whose overexpression from multicopy plasmids would 
normally be cytotoxic. 
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We constructed a 66 base -pair DNA template capable of supporting 
transcription by T7 RNA polymerase. This template had a 
psoralen cross -link downstream from a T7 promoter such that a 36 (+1) 
nucleotide transcript was synthesized at the time the T7 
polymerase came to a stop at the cross-link. The stability of 
elongation complexes formed on this template, and the effect of different 
factors that are known to affect polymerase -DNA interactions was 
investigated by non-denaturing gel electrophoresis and gel filtration 
chromatography. We found that an elongation complex could lose its 
RNA component but the T7 polymerase still remained 

attached to the DNA template for extended periods of time (at least up to 
18 h) . This type of an elongation complex, bereft of its nascent RNA 
transcript, is called a quasi -elongation complex. DNase I footprinting 
within gel slices indicated that the polymerase molecules were 



arrested at the psoralen cross -link on the DNA template in the 
quasi -elongation complexes. The quasi -elongation complexes were found to be 
extremely stable in 0.5 M-NaCl and in 0.2 M-NaCl plus 60 mM-MgCl2 , and 
could withstand temperatures up to 42 degrees C. The quasi -elongation 
complexes were destabilized by heparin and excess calf thymus DNA. Excess 
tRNA caused only a minimal degree of disruption. Non-promoter-containing 
plasmid DNAs did not have a destabilizing effect on the quasi -elongation 
complexes. Interestingly, it was observed that in a T7 ternary 
transcriptional complex arrested by a psoralen cross-link, the nascent 
RNA transcript could be stabilized from release by the presence in 
trans of a plasmid DNA bearing a T7 promoter and a T7 

terminator. Such a stabilization against RNA release was not 
observed with plasmid DNAs containing either only a promoter or a 
terminator. The elongation complexes were stable during gel filtration 
through Sephacryl S-3 00 HR. However, it was found that 30% to 45% of the 
labeled RNA was retained during gel filtration as RNA that was 
apparently free from ternary complexes . 
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A 66 base-pair (bp) DNA template carrying a site- specif ically placed 
psoralen cross -link downstream from a phage T7 promoter was 
constructed. This template can support transcription by T7 RNA 
polymerase . Transcription was blocked specifically at the psoralen 
cross-link. We studied the characteristics of elongation complexes, formed 
in this manner, by enzymatic and chemical footprint ing and by a 
nitrocellulose filter-binding assay. The DNase I footprint of the 
elongation complex was quantified on a residue by residue basis. It was 
found that T7 RNA polymerase made the strongest contacts 

in the central region of the footprint whereas the leading and lagging 
edges of the polymerase were weakly bound to the DNA, Reducing the 
NaCl concentration in the transcription reaction resulted in the 
visualization of two T7 RNA polymerase molecules bound to 
the same template. A leading polymerase molecule, arrested at the 
psoralen cross -link, showed a much smaller DNase I footprint than a lagging 
polymerase molecule that was bound upstream. This upstream 
polymerase molecule occupied approximately one -half of the promoter 
region and therefore did not achieve complete promoter clearance. These 
experiments suggest that complete promoter clearance is required for a 
gross conformational change in the polymerase , consisting of a 
contraction in the size of its footprint to occur. DNase I footprinting 
also revealed that an elongation complex arrested at a psoralen cross- link 
undergoes several subtle changes in structure in a time-dependent manner 
and therefore can be considered to be in a state of dynamic flux. 
Methylation protection showed that some G residues in the top (non-coding) 
strand are protected against attack by dimethylsulfate, whereas the G 
residues on the bottom (coding) strand appear not to be protected from 
reaction with dimethylsulfate. We probed the transcribing complexes for 
single -stranded regions with T7 gene 3 endonuclease . From the pattern 



of sensitivity to T7 gene 3 endonuclease on the template strand, we 
conclude that the RNA-DNA hybrid in the elongation complex is about 7 
bp. A nitrocellulose filter-binding assay showed that the elongation 
complex, consisting of a 36 (+1) nucleotide RNA, the 66 bp DNA 
template and the T7 RNA polymerase was stable for at 

least 30 minutes at high salt concentrations. Heparin caused the 
quantitative release of 36 (+1) RNA nucleotides within 3 0 seconds, 
but the DNA was not simultaneously released from the elongation complex 
under these conditions. 
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We have used a self -cleaving RNA molecule (a "hammerhead") to study 
the length-dependent folding of RNA produced during transcription by 
T7 RNA polymerase. Transcript elongation is arrested at 

defined positions using chain-terminating ribonucleoside triphosphate 
analogues , 3 ' -deoxynucleoside triphosphates. When the nascent 
transcript attains the minimum length required for the "hammerhead" domain 
of the transcript to fully emerge from the ternary complex, the 
"hammerhead" structure forms and self -cleaves , producing a truncated 
product. The experiment yields an RNA sequencing ladder which 
terminates at the length at which cleavage becomes possible; the sequencing 
ladder is compared to that generated by using a noncleaving control 
template. We have shown that 13 nucleotides past the cleavage point must be 
synthesized before the transcript can self-cleave in the ternary complex 
whereas RNA freed from the complex by heating can cleave with only 3 
or more nucleotides present beyond the cleavage site. The results indicate 
that the RNA in T7 RNA polymerase is not free of 

steric interactions in the ternary complex and not available for structure 
formation until it is at least 10 bases away from the site of 
polymerization. The results suggest that the maximum possible length of the 
RNA -DNA hybrid in the ternary complexes is 10. The relevance of the 
results in comparisons with other RNA polymerases, especially 
Escherichia coli RNA polymerase, is discussed. 
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With templates containing 2 * -deoxy- 1-methylpseudouridine (dm psi) , 
T7 RNA polymerase catalyzes the incorporation of either 

adenosine triphosphate (ATP) or formycin triphosphate (FTP) into a growing 
chain of RNA with the same efficiency as with templates containing 
thymidine (dT) . In each case, the overall rate of synthesis of full-length 
products containing formycin is about one -tenth of the rate of synthesis of 
analogous products containing adenosine. Analysis of the products of 
abortive initiation shows that incorporation of FMP into the growing 
oligonucleotide by T7 RNA polymerase is more likely to 

lead to premature termination of transcription than is incorporation of 
AMP. Nevertheless, the results demonstrate that T7 RNA 
polymerase tolerates the formation of a C-nucleotide transcription 
complex in which the nucleoside bases on both the template and the incoming 
nucleotide are joined to the ribose by a carbon-carbon bond. This result 
increases the prospects for further expanding the genetic alphabet via 
incorporation of new base pairs with novel hydrogen-bonding schemes 
(Piccirilli et al . , 1990). 
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New spin-labeled analogs of nucleoside triphosphates, 
8 -amino (2,2,6, 6 - tetramethylpiperidine-N-oxyl ) adenosine 5 1 -triphosphate ( (8- 
AmTEMPO) ATP) and 5 -amino (2 , 2,6, 6- tetramethylpiperidine-N-oxyl) uridine 
5 • -triphosphate ( (5-AmTEMPO) UTP) , with the probe 4 -amino (2 , 2 , 6 , 6-tetramethy 
lpiperidine-N-oxyl) (4 -AmTEMPO) attached to C-8 of ATP and C-5 of UTP via a 
secondary amine bond, were synthesized in 50 and 40% yield, respectively. 
These analogs showed a single spot by thin layer chromatographic 
analysis. The absorption spectra of (8 -Am -TEMPO) ATP and ( 5 -AmTEMPO) UTP 
exhibit maxima at 310 and 265 nm, respectively; their X-band EPR spectra 
have a typical three-line pattern with lines at 3,221, 3,239, and 3,257 
Gauss. The intensity ratios for mid to high field lines of the EPR 
derivative lines were found to be 1.03 +/- 0.02, 1.08 +/- 0.04, and 1.15 
+/- 0.07 for 4 -AmTEMPO, (8 -AmTEMPO) ATP, and (5 -AmTEMPO) UTP, respectively. 
The immobilization of 4 -AmTEMPO bound to C-8 of ATP or bound to C-5 of UTP 
was observed to be 5 and 11%, respectively, as compared with free 
4 -AmTEMPO. The initial velocity (s-1) of [3H]UMP incorporation into 
RNA in the presence of [3H]UTP, CTP, GTP, and (8 -AmTEMPO) ATP or ATP 
was measured. The percent incorporation of (8 -AmTEMPO) ATP into RNA 

product by Escherichia coli RNA polymerase using various DNA 
templates is 68, 66, and 61% for pAR1435 (plasmid containing Al promoter 
from T7 DNA) , calf thymus DNA, and poly(dA-dT) respectively, as 
compared with ATP incorporation. The polymerase-catalyzed reaction of 
(8 -AmTEMPO) ATP with (3'-OCH3)UTP yielded 5 » -triphosphate 

delta-amino (2,2,6, 6 -tetramethylpiperidine-N-oxyl } adenylyl (3 1 -5 • ) 3 ' -methoxy 
uridine in the presence of poly(dA-dT) . The structure of this spin-labeled 
dinucleotide was identified by paper chromatographic analysis of the 
products of phosphodiesterase digestion. These analogs also can be 
used for the study by EPR spectroscopy of the dynamics of gene 



transcription catalyzed by RNA polymerases or of other 
nucleotide-utilizing enzymes. 
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mRNA analogues approximately 4 0 bases long were prepared by 
T7 transcription from synthetic DNA templates. Each message contained 
the sequence ACC-GCG (coding for threonine and alanine, respectively) , 
together with a single thio-U residue located at a variable position on the 
3' -side of these coding triplets. The thio-U residue was either substituted 
with 4-azidophenacyl bromide to introduce a photo-reactive group, or was 
left unsubstituted for direct UV cross-linking. After binding to 
Escherichia coli 70S ribosomes in the presence of tRNA-Thr or t RNA- Ala, the 
thio-U residue or azidophenyl group was photo-activated and the products of 
cross-linking (which was exclusively to the 30S subunit) were analysed. 
Immunological analysis of the cross-linked proteins showed that S5 and S3, 
together with SI, were the targets of cross-linking at positions close to 
the decoding site, with the cross-linking to S3 and SI persisting at 
positions further away. Analysis of the 16S RNA showed cross -links to 
the region of bases 1390-1400 in all cases, but in one instance (with the 
reactive nucleotide 11 bases from the decoding site) simultaneous 
cross-linking was observed to the latter region and to position 532; these 
two RNA regions are far apart in current three-dimensional models of 
the 3 OS subunit. 
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We describe a general method for the production of nonisotopic DNA and 
RNA probes for the detection of the varicella- zoster virus (VZV) 
genome by in situ hybridization. VZV DNA was extracted from purified viral 
nucleocapsids, cleaved with restriction enzyme (RE) BamHI, and cloned into 
plasmid pBR322 by the standard vector insert procedure. We cloned over 85% 
of the VZV genome and obtained 18 recombinants. Plasmids containing the B, 
F, G, H, and J fragments of VZV DNA were labeled by the nick translation 
method with biotin-ll-dUTP as the dTTP analog. Additionally, the B 



fragment was cleaved with RE Aval, subcloned into the plasmid pGEM-4 
transcription vector, and subsequently linearized with REs PstI and EcoRI. 
RNA was transcribed with T7 or SP6 polymerase, with a 
substitution of allylamine-UTP as the UTP analog, and labeled with 
epsilon-caproylamidobiotin-N-hydroxysuccinimide ester. The DNA and 
RNA probes were used under full -stringency conditions for in situ 
hybridization with alkaline phosphatase as the detector and 
5-bromo-4-chloro-3 -indolyl phosphate-Nitro Blue Tetrazolium as the 
substrate. When tested under comparable conditions, the RNA probe was 
slightly more sensitive than was the DNA probe: both probes showed homology 
only with VZV- infected cells and clinical tissues and not with the other 
herpesviruses . Probes prepared from variable regions of the genome 
(fragments F and J) performed as well as did those from conserved regions 
(fragments B. G. and H) . Biotinylated probes have distinct advantages over 
isotopic probes and retain their full potency for more than 2 years when 
stored properly. 
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polymerase. Affinity labeling and site-directed mutagenesis. 

Maksimova T G; Mustayev A A; Zaychikov E F; Lyakhov D L; Tunitskaya V L; 
Akbarov A Kh; Luchin S V; Rechinsky V 0; Chernov B K; Kochetkov S N 

Limnological Institute, Siberian Division of the USSR Academy of 
Sciences, Irkutsk. 

European journal of biochemistry / FEBS (GERMANY) Feb 14 1991, 
195 (3) p841-7, ISSN 0014-2956 Journal Code: 0107600 

Document type : Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

A highly selective affinity labeling of T7 RNA 
polymerase with the o-f ormylphenyl ester of GMP and [alpha-32P] UTP 
was carried out. The site of the labeling was located using limited 
cleavages with hydroxyl amine , bromine, N-chlorosuccinimide and cyanogene 
bromide and was identified as the Lys631 residue. Site-directed mutagenesis 
using synthetic oligonucleotides was used to substitute Lys631 by a Gly, 
Leu or Arg residue. Kinetic studies of the purified mutant enzymes showed 

alterations of their polymerizing activity. For the Lys Gly mutant 

enzyme, anomalous template binding was observed. 
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We have developed a method to determine directly the number of 
biotinylated (Bio) nucleotide analogs incorporated into RNA 
transcripts. Transcripts synthesized in vitro in the presence of [alpha 
32-P]CTP and varying concentrations of Bio-4-UTP were subjected to alkaline 
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The specific limited trypsinolysis of bacteriophage T7 RNA 
polymerase (T7RP) was performed in the presence of various components 
of the polymerase reaction and some GTP-analogs- -irreversible 
inhibitors of the enzyme. The differences in the rate and sites of 
proteolysis were observed. Basing on the data obtained the role of the 
N-terminal domain of the T7RP in the interaction with promoter-containing 
template is proposed. 
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The substituted nucleotide aminohexyl -ATP (AH-ATP) was used for synthesis 
of RNA probes from a plasmid template using the T7 phage 
promoter. Following synthesis, RNA probes were modified by reaction 
with N-hydroxysuccinimide (NHS) esters of biotin or fluorescein. 
Nearest -neighbor analysis was used to quantitate both the incorporation of 
the substituted nucleotide into RNA and the subsequent modification 
of the incorporated nucleotide by the NHS esters. The results indicate that 
AH-ATP is efficiently incorporated into RNA and that modification of 
the amine group is also efficient. The T7 polymerase shows a 
bias for ATP over AH-ATP and truncated transcripts are produced if 100% 
AH-ATP is used for synthesis. However, the use of 50% AH-ATP in the 
synthesis reaction yields full-length RNA probes that contain on 
average one amine-labeled nucleotide every 12 bases. This RNA is 
readily modified by the respective NHS esters to obtain one biotin group 
per 15-18 total RNA bases or one fluorescein group per 25-35 bases. 
Probes modified with biotin or fluorescein were used to detect picogram 
levels of target DNA in a dot blot hybridization format. 
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Affinity modification of DNA-dependent RNA-polymerase from 
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modification on the interaction with substrates] 
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T7 RNA polymerase , covalently modified with 
5 ' -p-f luorosulf onylbenzoyl adenosine, looses the ability of binding the 
promoter (pGEM-2 plasmid) and poly(dC) template as well as the initiating 
nucleoside triphosphate {GTP) . However the enzyme retains the unspecif ic 
binding with DNA fragments of considerable length. 
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Factors for efficient synthesis of mRNA in vitro and its subsequent 
translation in cell free lysates from reticulocyte and wheat germ were 
studied using yeast invertase as a probe. Among various transcription 
systems tested, containing either SP6 , T5, T7 or a bacterial 
synthetic consensus promoter, the T7 system was superior both from a 
quantitative and qualitative point of view. Transcription with SP6 
polymerase , but not with the other enzymes, resulted in premature 
transcript termination, which is ascribed to a sensitivity of the SP6 
polymerase towards a hairpin loop structure in the invertase coding 
region. In-frame fusion of the critical DNA sequence to a different gene 
promoted premature transcription termination of the resulting chimeric 
template, which in its original form is transcribed correctly. Transcripts 
with additional sequences 5 1 upstream of the natural translation start 
revealed a diminished protein synthesis presumably due to the presence of 
out of frame ATG codons . In contrast, no influence on translation was found 
when additional sequences at the 3 ' end were present or when the stop codon 
was missing. Capping of transcripts was essential for translation in wheat 
germ lysates, whereas protein synthesis in reticulocytes was only reduced 
in the absence of a cap. The influence of polyadenylation on translation 
was studied using transcripts with engineered poly (A) tracts of different 
size. Increasing poly (A) chain length abolished translation in vitro in 
both translation systems. Inhibition was poly (A) -specif ic and is discussed 
as interference of the poly (A) sequences with a crucial component (s) of the 
protein synthesis machinery. 
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Three overlapping RNA fragments containing the pseudoknot, as found 
in the tRNA-like structure of turnip yellow mosaic virus (TYMV) RNA, 
have been isolated and purified. Site-directed cleavage of TYMV RNA 
by RNase H, followed by ammonium sulphate precipitation and ion-exchange 
HPLC, yielded a pure preparation of a 3 '-terminal, 112 -nucleotide TYMV 
RNA fragment. Transcription of TYMV cDNA by T7 RNA 
polymerase , resulted in the isolation of an 88 -nucleotide fragment. 
Finally, a 44 -nucleotide fragment containing the TYMV RNA pseudoknot 
and strongly resembling the aminoacyl acceptor arm of the viral RNA 

was also synthesised using T7 RNA polymerase. The three 
fragments were isolated in milligram amounts and used for biochemical 
structure mapping, ultraviolet melting studies and NMR spectroscopy. 
Chemical modification with diethyl pyrocarbonate and sodium bisulphite and 
enzymatic digestion with RNase Tl confirmed the presence of the pseudoknot 
in the 44 -nucleotide fragment. Also the analogue of the T-stem and 
T-loop of the tRNA-like structure of TYMV RNA was found. The results 
of modification at various temperatures in Mg2+-containing buffers were in 
general agreement with optical melting studies. Ultraviolet melting 
analysis of the longer fragments revealed their greater complexity and the 
results appear similar to those obtained for some tRNA species. To obtain 
direct biophysical evidence for base-pairing and stacking interactions in 
the pseudoknot, NMR studies were initiated. The first proton-NMR spectra 
ever obtained for plant viral RNA fragments are presented. NMR 
spectra were recorded at various buffer conditions and at various 
temperatures. The spectra for the 112-nucleotide and 88-nucleotide fragment 
are too complicated to be solved at present. In the case of the 
44 -nucleotide fragment, however, the imino proton resonances are well 
separated and this system turns out to be most promising for structural 
studies . 
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Detailed analysis of the kinetics of inhibition of E. coli RNA- 
polymerase -catalyzed synthesis of dinucleotide pppApU by 8-oxy-GTP 
and 8-Br-GTP on promoter Al of the bacteriophage T7 delta Dill with 
an incomplete set of substrates was carried out. In accordance with the 
mathematical models obtained, we calculated quantitative parameters of 
binding of these nucleotide analogs to the centers whose geometry is 
suitable for incorporation of ATP and UTP. 8-oxy-GTP and 8-Br-GTP compete 
with ATP for the binding center (their steady-state dissociation constant 
ratios are 2.1 and 2.4, respectively, whereas the constant for ATP is 0.3 
mM) but, unlike ATP, they are not incorporated into the product. 8-oxy-GTP 
competes also with UTP (its steady-state dissociation constant ratio is 
21.6, the constant for UTP is 0.03 mM) . 8-Br-GTP does not interact with the 
binding center of UTP. 
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Full-length genomic cDNA clones of the Type and ND18 strains of barley 
stripe mosaic virus (BSMV) were transcribed in vitro using T7 
RNA polymerase. The combination of RNAs alpha, beta, and gamma 
synthesized in the presence of 5 * cap analogs was infectious after 
inoculation onto barley plants, conclusively demonstrating the tripartite 
nature of the BSMV genome. Transcripts synthesized in the absence of cap 
analogs were not infectious. A gamma- specific subgenomic RNA 
which is normally present in BSMV virions was not required to establish a 
systemic infection. In vitro transcripts of variant cDNA clones which were 
isolated from the ND18 strain, containing either a simple nucleotide 
substitution or a 372 -nucleotide duplication similar to one found in the 
genome of the Type strain, were also found to be biologically active. Two 
dicotyledonous hosts which have a differential response to infection with 
the Type and ND18 strains of BSMV were identified and these phenotypes were 
shown to be faithfully reproduced by inoculation with in vitro transcripts 
derived from the appropriate full-length cDNA clones. 
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The nucleotide sequence of bacteriophage T3 gene 10 and surrounding 
regulatory elements has been determined and compared to the analogous 
region of bacteriophage T7 . T3 genes 9, 10 and 11 have been shown to 
complement T7 mutants. The DNA sequences of T3 and T7 gene 10A 
are homologous, as are the amino acid sequences of the respective products. 
The translational shift to the -1 frame is predicted to occur at the same 
position in gene 10 of T3 and T7 , though different nucleotide 
sequences are probably responsible. The resulting gplOB products have 
completely different C termini. 
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T7 RNA polymerase does not interact 
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authentic substrates for the two splicing enzymes that were tested 
(endonuclease and ligase) , and they formed specific covalent bonds with 
ligase when they were irradiated with long-wavelength ultraviolet light. We 
have determined the position of three major cross -links and one minor 
cross-link on precursor tRNA(Phe) that were located within the intron and 
near the 3' splice site. On the basis of these data, we present a model for 
the in vivo splicing reaction of yeast precursor tRNAs . 
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The interaction of 4 ' -N (2 -aminoethyl ) aminomethyl -4 , 5 ' , 8-trimethylpsoralen 
-modified oligonucleoside methylphosphonates with synthetic ds -DNA 
containing a T7 RNA polymerase promoter was studied. The 

oligomers effectively crosslinked with either coding or noncoding ss-DNA 
when irradiated at 365 nm, but not with ds-DNA, The extent of the 
crosslinking reaction, which was complete within 16 min: (a) reached its 
maximum at an oligomer concentration of 3 microM; (b) remained constant 
below the Tm of the duplex and then rapidly decreased; and (c) appeared to 
depend upon the sequence surrounding the psoralen crosslinking site. An 
oligomer crosslinked to the template strand inhibited transcription by 
T7 RNA polymerase whereas an oligomer crosslinked to the 

non-template strand had only a small inhibitory effect. Oligomers did not 
crosslink to ds-DNA undergoing transcription nor did they inhibit the 
transcription reaction. 
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The dnaB gene of Escherichia coli encodes a helicase that operates at 
replication forks of the bacterium and certain of its bacteriophages to 
produce separated strands suitable for subsequent use by primase and DNA 
polymerase III. Here, we present the sequence of the dnaB gene of 
Salmonella typhimurium, a functionally interchangeable analog of the 
E. coli dnaB gene. The DnaB proteins of these two organisms, inferred from 
the DNA sequences, are identical in length and in 93% of amino acid 



residues. Extended portions of the DnaB proteins are also similar to two 
phage-encoded DNA replication proteins: the gene 4 helicase-primase of 
coliphage T7 and, as reported previously (H. Backhaus and J. B. 
Petri, Gene 32: 289-303, 1984), the gene 12 protein of Salmonella phage 
P22. In contrast, little similarity was found between DnaB and either the 
UvrD repair helicase or transcription termination factor Rho (an RNA 
-DNA helicase) . These results identify S. typhimurium DnaB as a member of 
the DnaB family of proteins by structural, as well as functional, criteria 
and provide the basis for the eventual identification, by mutational 
studies, of residues in DnaB critical for its function. 
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To test the ability of an RNA processing enzyme to cleave 
chemically-modified RNA substrates, RNA transcripts containing 
RNase III cleavage sites were enzymatically synthesized in vitro to contain 
specific phosphorothioate diester internucleotide linkages. One transcript 
(Rl.l RNA) was generated using phage T7 RNA 
polymerase and a cloned segment of phage T7 DNA containing the 
Rl.l RNase III processing site. The second transcript was the phage 
T7 polycistronic early mRNA precursor, which was synthesized using E. 
coli RNA polymerase and T7 genomic DNA. The RNA 

transcripts contained phosphorothioate diester groups at positions 
including the scissile bonds. The modified RNAs were stable to incubation 
in Mg2+-containing buffer, and were specifically cleaved by RNase III. 
RNA oligonucleotide sequence analysis showed that the modified Rl.l 
RNA processing site was the same as the canonical site and contained 
a phosphorothioate bond. Furthermore, RNase III cleaved the 
phosphorothioate internucleotide bond with 5' polarity. RNase III cleavage 
of phosphorothioate substituted T7 polycistronic early mRNA precursor 
produced the same gel electrophoretic pattern as that obtained with the 
control transcript. Thus, RNase III cleavage specificity is not altered by 
phosphorothioate internucleotide linkages. 
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cDNA clones encoding three antigenically related human ribosomal 
phosphoproteins (P-proteins) PO, PI, and P2 were isolated and sequenced. PI 
and P2 are analogous to Escherichia coli ribosomal protein L7/L12, 
and PO is likely to be an analog of L10 . The three proteins have a 
nearly identical carboxy- terminal 17-amino-acid sequence 

(KEESEESD (D/E) DMGFGLFD-COOH) that is the basis of their immunological 
cross -reactivity . The identities of the PI and P2 cDNAs were confirmed by 
the strong similarities of their encoded amino acid sequences to published 
primary structures of the homologous rat, brine shrimp, and Saccharomyces 
cerevisiae proteins. The PO cDNA was initially identified by translation of 
hybrid-selected mRNA and immunoprecipitation of the products. To 
demonstrate that the coding sequences are full length, the PO, PI, and P2 
cDNAs were transcribed in vitro by bacteriophage T7 RNA 
polymerase and the resulting mRNAs were translated in vitro. The 
synthetic PO, PI, and P2 proteins were serologically and 
electrophoretically identical to P-proteins extracted from HeLa cells. 
These synthetic P-proteins were incorporated into 60S but not 4 OS ribosomes 
and also assembled into a complex similar to that described for E. coli 
L7/L12 and L10. 
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We have probed the interaction of T7 RNA polymerase 
with DNA in an elongation complex arrested by a site specifically placed 
psoralen diadduct or furanside monoadduct using DNase I footprinting 
techniques. The psoralen derivative, HMT (4 1 -hydroxy -methyl -4, 5 ' , 8-trimethy 
lpsoralen) , was first placed at a specific site in the middle of a 
chemically synthesized double -stranded DNA fragment containing a T7 
RNA polymerase promoter at one end. The psoralen molecule was 
photochemical ly attached either to 2 adjacent thymidine residues on 
opposite strands as a diadduct or to only 1 thymidine residue on the coding 
strand as a furan-side monoadduct. Using these psoralen-modif ied DNAs as 
templates for transcription, we found that T7 RNA 
polymerase was blocked at the psoralen adduct site and that the 
arrested elongation complex protected about 15 nucleotides upstream from 
the adduct on the coding strand and 2 0 nucleotides around the adduct on the 
noncoding strand from DNase I digestion. The two psoralen-modif ied DNA 
templates yielded identical RNA transcripts and DNase I footprints. 
In contrast, T7 polymerase protected only the coding strand 
from -20 to +8 in the initiation complex. These results suggest that the 
RNA polymerase undergoes a marked conformational change upon 
converting from an initiation complex to an elongation complex. 
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The self -excision of a 4 13 -base intervening sequence of the 26S rRNA of 
Tetrahymena thermophila has been investigated using 

phosphorothioate-substituted RNA. Transcripts containing this intron 
were prepared by T7 RNA polymerase -catalyzed 

polymerisation using a M13 mICElO vector in the presence of various 
nucleoside alpha-thiotriphosphate analogues . Wild-type transcripts 
incorporating phosphorothioates 5' to adenosine or uridine were inactive, 
whereas incorporation 5' to cytidine or guanosine allowed splicing. The 
first two substitutions place phosphorothioates inter alia at the 5 ' and 3 * 
splice sites respectively. Mutagenesis at either site allowed 
phosphorothioate substitution 5' to guanosine at each splice site. This did 
not block splicing, suggesting that substitution at internal sites within 
the intron has more effect. 
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Kinetika ingibirovaniia 8-oksi-ATP sinteza dinukleotida PppApU 
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A kinetic analysis of inhibition of synthesis of dinucleotide pppApU 
catalyzed by Escherichia coli RNA-polymerase on Al promoter of 
the DNA from T7 delta Dili phage mutant by 8-oxy-ATP under the 
conditions of the coupled synthesis of pppApU and pppApUpC and in the 
presence of an incomplete set of substrates, namely ATP , UTP, CTP, has been 
performed. It was found that 8-oxy-ATP is an unproductive analog of 
both ATP and CTP. A comparative analysis of the dissociation constants 
shows that 8-oxy-ATP binds at ATP center 3.3. times and at CTP center 540 
times weaker than natural substrates. At the UTP center 8-oxy-ATP does not 
bind at all. 
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Purified RNA polymerase II recognizes specific termination 
sites during transcription in vitro. 
Dedrick R L; Kane C M; Chamberlin M J 
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We have studied the ability of certain well-defined prokaryotic DNA 
sequences to act as specific termination signals for highly purified calf 
thymus RNA polymerase II. We used duplex DNA fragments modified 
to direct efficient and specific transcription of defined DNA templates to 
follow transcription with RNA polymerase alone in the absence 
of additional protein factors . Elongation of RNA chains by RNA 
polymerase II is processive through most DNA sequences. However, 
certain DNA sequences serve as effective "intrinsic" terminators for 
RNA polymerase II; in this they resemble the " rho- independent " 
terminators for the bacterial RNA polymerase . Several 
rho -independent bacterial terminators are also able to act as termination 
signals for RNA polymerase II. However, there is no apparent 
correlation between the efficiency of termination for the bacterial enzyme 
and that found for the calf thymus enzyme. One very efficient bacterial 
terminator (phage T7 early terminator) gives no termination with 
RNA polymerase II, and we have identified at least two sites 
that cause the eukaryotic enzyme to terminate but have no effect on 
transcription by the bacterial enzyme. Hence, the signals recognized as 
intrinsic termination sites for the two enzymes are substantially 
different. All of the sites that act as intrinsic terminators for RNA 
polymerase II contain a series of consecutive thymidine residues in 
the nontranscribed DNA strand (T-run) , and the 3 • end of the completed 
RNA normally lies within this sequence. It is plausible that the 
T-run is part of the signal for an RNA polymerase II 
termination site; however, there is no apparent correlation between the 
number of T residues and the efficiency of the terminator, suggesting that 
other sequence elements are required for, or modulate, termination. Several 
lines of evidence suggest that the formation of RNA secondary 
structures in the nascent transcript is not an essential element of the 
intrinsic RNA polymerase II termination signal. 
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The interactions of T7 RNA polymerase with T7 
late promoters were studied by using quantitative footprinting with 
methidiumpropyl-EDTA X Fe(II) [MPE-Fe(II)] as the DNA cleaving agent. Class 
II and class III T7 promoters have a highly conserved 23 base pair 
sequence from -17 to +6. Among class III promoters the -22 to -18 region is 
also highly conserved. For a class II promoter, T7 RNA 
polymerase protects the -17 to -4 region from MPE-Fe(II) cleavage; 
when GTP is present, protection extends from -17 to +5 (noncoding strand) . 
For a class III promoter, protection extends from -20 to -4 and in the 
presence of GTP from -20 to +5 (noncoding strand) . The protected regions 
for the coding strands of both promoters were nearly identical with that 
seen for the noncoding strands. The binding constant for the class III 



promoter is (4 +/- 1.5) X 10(7) M-l and in the presence of GTP increases to 
(10 +/- 1.7) X 10(7) M-l. These binding constants are about 1000 and 200 
times greater, respectively, than values reported previously [Ikeda, R. A. , 
& Richardson, C. C. (1986) Proc . Natl. Acad. Sci. U.S.A. 83, 3614-3618]. 
The differences in binding constants are probably due to tRNA and high salt 
used in those earlier experiments. Both tRNA and high salt (greater than 50 
mM NaCl and greater than 10 mM MgC12) inhibit the binding of the 
polymerase to the promoter. Optimal binding conditions occur at 2-5 
mM MgCl2 and 0-10 mM NaCl . (ABSTRACT TRUNCATED AT 250 WORDS) 
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Stereospecif icity of nucleases towards phosphorothioate-substituted 
RNA : stereochemistry of transcription by T7 RNA 
polymerase. 
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Transcription by T7 RNA polymerase has been studied 
using a chiral ATP analogue . The Sp diastereoisomer of adenosine 
5 ' -0- (1-thiotriphosphate) (ATP alpha S) was incorporated into RNA 
with an apparent KM of approximately 15 microM, similar to that for ATP; 
the Rp diastereoisomer was neither a substrate nor a competitive inhibitor. 
The configuration of the phosphodiester link in the RNA produced was 
analyzed with stereospecif ic nucleases. The rate of nuclease digestion was 
compared with the rate of digestion of phosphorothioate-substituted 
RNA of known stereochemistry synthesized by E. coli RNA 
polymerase . Surprisingly, the nucleases exhibited reduced 
discrimination compared with their activity on dinucleotides . The results 
show that phosphorothioate-substituted RNA transcribed by T7 
RNA polymerase has the same configuration as that transcribed 
by E. coli RNA polymerase, ie. Rp. Thus, the reaction proceeds 
with inversion of configuration at phosphorus. 
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A set of four RNA hairpin helices has been prepared by in vitro % 
transcription with T7 RNA polymerase. The hairpins all 

contain the same nine base pair helix, but with an extra A, C, or U residue 
forming a bulge at one position; the fourth hairpin is a perfect helix with 
no bulge. The helix with a bulged A duplicates six base pairs of a helix in 
the 16S rRNA known to have an unusually high affinity for ethidium bromide 
[J. M. Kean, S. A. White, and D. E. Draper, Biochemistry 24, 5062 (1985)]. 
Binding and chemical cleavage studies with ethidium or the reagent 



methidiumpropylEDTA-Fe (II) [MPE-Fe(II)] showed that the sequence CpG is a 
preferred intercalation site whether or not a bulge is present; all three 
bulged bases enhance intercalation at the CpG sequence by an order of 
magnitude; and intercalation in a bulged helix results in a concerted 
conformational change involving the entire helix backbone, again dependent 
on the presence of a bulge but independent of the particular base. These 
results suggest that an extra sugar-phosphate residue in an RNA helix 
backbone has a dramatic effect on the ability of the RNA to adopt new 
conformations. This effect could be an important reason for the 
conservation of bulges at certain positions in ribosomal and other RNAs . 
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The effect of 8-Br-ATP and 8-oxy-ATP on RNA synthesis on calf 
thymus DNA and on abortive synthesis of di- and trinucleotides on promoter 
AI of phage T7 delta Dili DNA in the case of an incomplete set of 
substrates was studied. It was shown that the ATP analogs used 
inhibit the RNA and di- and trinucleotide synthesis. In all cases, 
8-oxy-ATP was a more effective inhibitor than 8-Br-ATP. Both analogs 
are incapable of being the primer and they do not replace ATP in the course 
of abortive initiation of pppApU synthesis. 
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A specific Escherichia coli RNA polymerase tight -binding (TB) 
site on bacteriophage T7 has been located at 32,988 base pairs from 
the left end of T7 . This site is referred to as the T7 F 
promoter since it is fully active in vitro. Kinetics of association and 
dissociation have been measured by use of the abortive initiation assay and 
runoff transcription. The association constant, ka approximately 9 X 10(5) 
M-l s-1, is of the same magnitude as ka for the T7 minor promoters. 
In competitive titration assays, the F promoter was found to be slightly 
weaker than the minor T7 E promoter at low RNA polymerase 

concentrations and, as expected, much weaker than the major T7 A3 
promoter. An unusual RNA polymerase mediated inhibition of both 
the association rate and the transcriptional activity was observed at 
moderately high concentrations of polymerase. A mechanistic model 
analogous to enzyme substrate inhibition is presented. 
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Structural and functional differences between the two intrinsic zinc ions 
of Escherichia coli RNA polymerase. 
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DNA-dependent RNA polymerase {RPase) from Escherichia coli 
contains 2 mol of intrinsic Zn(H)/mol of core enzyme (alpha 2 beta beta'). 
In techniques analogous to those employed with the Zn(II) 
metalloenzyme aspartate transcarbamoylase [Hunt, J. B., Neece, S. H. , 
Schachman, H . K. , & Ginsberg, A. (1984) J. Biol. Chem. 259, 14793-14803], 
we show that titration of core or holoRPase with 10 or 16 equiv, 
respectively, of the sulfhydryl reagent p- (hydroxymercuri) benzenesulf onate 

(PMPS) results in the facile release of 1 mol of Zn(II) [B-site Zn(II)] in 
a reaction totally reversible with the addition of excess thiol provided no 
metal chelator is present. If ethylenediaminetetraacetic acid (EDTA) is 
present, reversal of the PMPS-enzyme complex results in formation of a Znl 
RPase [A-site Zn(II)]. This enzyme retains full transcriptional activity 
relative to Zn2 RPase on both calf thymus (nonspecific) and T7 

( sigma -dependent , specific) DNA templates. If the core enzyme-PMPS complex 
is incubated with a large excess of another metal such as Cd(II) followed 
by thiol treatment, a hybrid ZnACdB RPase is formed. Direct treatment of 
the enzyme with excess Cd(II) also gives rise to a hybrid ZnACdB RPase. 
Transcription by these enzymes is also comparable to that of the starting 
Zn2 enzyme. Isolation of in vivo synthesized Co2 RPase and Cd2 RPase and 
treatment of either enzyme with PMPS /EDTA results in formation of a CoA and 
CdA enzyme, respectively. Co(II)A and Cd(II)A enzymes show 123 and 76%, 
respectively, of the elongation rates on T7 DNA observed for the 
Zn(II) enzyme. Visible absorption spectroscopy of the Co2 enzyme exhibits 
four d-d transition bands positioned at 760 (epsilon - 800) , 710 (epsilon = 
900) , 602 (epsilon - 1500) , and 484 (epsilon = 4000) nm. In addition, two 
charge-transfer bands are found at 350 (epsilon = 9600) and 370 (epsilon = 
9500) nm. Only the Co (II) ion bound at site A is associated with this 
unique set of intense d-d transitions. The positions and intensities of 
both the visible and charge-transfer bands of Co (II) A RPase approximate 
those shown by Co (II) -substituted metalloenzyme sites where the ligands are 
four S rather than mixed S,N or S,0 sites. 
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Steady-state kinetic studies of the rif ampicin-ef f ected abortive 



initiation of transcription by E . coli RNA polymerase (EC 
2.7.7.6) on the Al T7 phage promoter were carried out with the use of 
ATP, UTP and a number of their appropriately modified analogues. The 
kinetic parameters KiA, KmB, Ki and KsB characterizing the affinity of the 
substrates and inhibitors of the reaction to the initiation and elongation 
sites of the enzyme : promoter and the enzyme :promoter : nucleoside 
triphosphate complexes were determined therefrom. Their comparative 
analysis indicated that 1) the triphosphate chain of the initiating purine 
nucleoside triphosphate interacts with some protein acceptor groups through 
the alpha- and beta-phosphate residues; the phosphates are engaged in 
binding of nucleoside triphosphates at the elongation site in the absence 
of the primer nucleotide; 2) the ribose 2 ' -OH of the elongating nucleotide, 
but neither of the ribose hydroxyl groups of the initiating nucleotide, 
participate in substrate recognition by protein receptors; 3) either 
substrate, ATP or UTP, bound to the initiation complex increases by about 
the same factor (greater than or equal to 10) the affinity of the other to 
its binding site; 4) the 3 1 -OH of the primer nucleotide and the 
gamma -phosphate of the elongating nucleotide are involved in the 
synergistic interaction of the substrates; alpha- and beta-phosphates of 
the elongating nucleotide, bound to some protein receptors, also contribute 
to this process. It is postulated that the interaction of substrates is 
mediated through an Mg2+ ion, known to be required for binding of the 
substrates in the elongation site, and a minimal molecular model of a 
PuoTP:Mg (II) : nucleoside triphosphate chelate complex in the catalytic 
centre of the transcription initiation open complex is proposed. 
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Transcription from bacteriophage T7 and SP6 RNA 
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RNA synthesis by T7 RNA polymerase or SP6 
RNA polymerase is 100-1000 times more sensitive to the presence 
of the 3 ' -deoxyribonucleoside 5 ' -triphosphate chain terminators than is 
RNA synthesis by Escherichia coli RNA polymerase or Q 
beta replicase. These ribonucleotide analogues do not alter the 
specificity of each polymerase for its own promoters nor do they 
alter the site at which synthesis is initiated. Transcription by T7 
RNA polymerase or SP6 RNA polymerase in the 

presence of relatively low concentrations of these chain terminators offers 
a useful route for determining the nucleotide sequence of any DNA segment 
that is inserted immediately downstream from a homologous bacteriophage 
promoter. This sequencing procedure was used to explore the effects that 
different dinucleotides have on the specificity of initiation at two 
different T7 RNA polymerase promoters. 
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Pyrophosphate analogs in the pyrophosphorolysis reaction catalyzed 
by Escherichia coli RNA polymerase] 



Analogi pirofosfata v reaktsii pirof osf oroliza, kataliziruemoi 
RNK-polimerazoi Escherichia coli. 
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Processive pyrophosphorolysis of RNA from ternary RNA 
polymerase-nascent RNA-delta Dill T7 DNA complex has been 

followed in the absence of nucleoside triphosphates. Series of inorganic 
pyrophosphate analogs were investigated for their ability to sustain 
the reaction and to compete with inorganic pyrophosphate for the reaction. 
Methylenediphosphonic, imidodiphosphonic, phosphonacetic acids, inorganic 
triphosphate, methylenediphosphonic and phosphate were found to be capable 
of substituting the inorganic pyrophosphate in RNA degradation 
reaction with tantamount efficiency. They give rise to nucleoside 
monophosphates for phosphonoacetic acid, nucleoside triphosphates for 
inorganic pyrophosphate and inorganic triphosphate, nucleoside 
triphosphates analogs for methylenediphosphonic, imidodiphosphonic 
acids and methylenediphosphonic acid phosphate as the low molecular weight 
product of the reaction. The problem of specific interaction of RNA 
polymerase with nucleoside triphosphates and inorganic pyrophosphate 
is discussed in the terms of structural requirements for the compounds to 
be a potent substrate for RNA polymerase. 
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Various base and sugar modified derivatives of ATP and UTP were used as 
substrate analogs for the steady state initiation reaction 
ATP+UTP=pppApU and the single step addition reaction ApC+ATP=ApCpA. These 
reactions were carried out by E. coli RNA polymerase on 
T7 DNA in the presence of rifampicin. The steady state kinetic 
parameters of the analogs, either as substrates or inhibitors, were 
determined. On the basis of the obtained results it is concluded that 
purine NTP s in initiation require anti-conformation about the glycosidic 
bonds as well as gauche-gauche conformation of the C(4')-C(5') bonds. The 
latter conformation is also a prerequisite for substrates in elongation, 
whereas strict ant i -conformation of glycosidic bonds is not. 
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Mechanistic studies on deoxyribonucleic acid dependent ribonucleic acid 
polymerase from Escherichia coli using phosphorothioate 
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The diastereomers of adenosine 5 ' -0- { 1-thiotriphosphate) (ATP alpha S) 
and adenosine 5 ' -0- (2 -thiotriphosphate) {ATP beta S) can replace adenosine 
triphosphate (ATP) in the initiation reaction catalyzed by deoxyribonucleic 
acid (DNA) dependent ribonucleic acid (RNA) polymerase from 
Escherichia coli . In both cases, the Sp diastereomer is a better initiator 
than the Rp isomer. The diasteromers of 3 ' -uridyl 5 ' -adenosyl 
, O-phosphorothioate [Up(S)A] can replace UpA in the primed initiation 
reaction catalyzed by RNA polymerase ; however, the Rp 
diastereomer is a better initiator than the Sp isomer. By using ATP or CpA 
as initiator and UTP alpha S, isomer A, as substrate, we determined the 
stereochemical courses of both the initiation and primed initiation 
reactions, respectively, with T7 DNA template and found them to 
proceed with inversion of configuration. Determination of the 
stereochemical course of the pyrophosphate exchange reaction catalyzed by 
RNA polymerase provides evidence that this reaction is the 
reverse of the phosphodiester bond- forming reaction. 



5/3,AB/l42 (Item 142 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

03006181 79074236 PMID: 724495 

Specific termination of RNA polymerase synthesis as a method 
of RNA and DNA sequencing. 

Axelrod V D; Vartikyan R M; Aivazashvili V A; Beabealashvili R S 

Nucleic acids research (ENGLAND) Oct 1978, 5 (10) p3549-63, 
ISSN 0305-1048 Journal Code: 0411011 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Termination of RNA synthesis with 3 ' -O-Methylnucleoside 
5 1 -triphosphates have been studied using E. coli RNA polymerase 

holoenzyme and poly [d (A-T) ] as well as unf ractionated T7 D delta 
III DNA as templates. It was shown that the termination can be used for DNA 
sequencing. A sequence of a part of RNA synthesized from AI promoter 
of the DNA have been determined. Syntheses of four 3 1 -O-Methylnucleoside 
5 ' -triphosphates are described. 
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The interaction of bacteriophage T7 specific RNA 
polymerase with its cognate promoter sites has been probed by 
selectively replacing bases in one T7 promoter site with base 
analogs. Base analogs such as 2 , 6-diaminopurine or 
hypoxanthine , which alter residues appearing in the minor groove of the DNA 
helix, prevent utilization of the promoter by T7 RNA 



polymerase. These analogs do not affect transcription which 
starts outside of the modified region. In contrast, base analogs that 
have alterations that appear in the major groove of the DNA helix, such as 
uracil, 5-bromouracil , 5 -methylcytosine , 5 -hydroxymethylcytosine , and 

[5-HgSR^pyrJimidines, do not ^pr^v^nt-^utJJLiza^ion^Qf the promoter. The 

d&qxy r "ibonuc 1 e o siTde analog v 5 1 - imino-5 1 - deo xythymidine , ) an alteration 
appeSreing in fe^^c^xyribose^pEosphodies^teT^Dackpone or the DNA helix, does 
not prevent promoter recognition. Haemophilus aegyptius restriction 
endonuclease III, which cleaves DNA at the sequence 5'GGCC3', does not act 
at sites in which the guanine residues in one of the two DNA strands have 
been substituted with hypoxanthine , This implicates the guanine amino group 
in the minor groove of the DNA helix as a possible recognition point for 
this restriction endonuclease. 
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The dimethylsulphate method has been used to study the complexes of 
RNA polymerase (Escherichia coli) with DNA of T7 phage, 

poly [d(A--T) ] and fragments of calf thymus DNA protected against DNase 
digestion by RNA polymerase. The binding of RNA 
polymerase to DNA significantly increases the formation of 
1 -methyl -adenine produced by methylation of the single- stranded DNA region, 
diminishes by about 10% the formation of 3 -methyl -adenine by methylation 
within the minor groove and does not affect the formation of 
7 -methyl -guanine by methylation within the major DNA groove. The presence 
of nascent RNA decreases the formation of 1 -methyl -adenine in DNA of 
the complex by about 30%. The initiation of RNA synthesis or 
RNA synthesis itself does not influence the methylation of the major 
groove but shielding of the minor groove increases by about twice as much. 
These results suggest that RNA polymerase, upon binding, breaks 
Watson-Crick base-pairing in a DNA region of about 15 -base-pairs long, that 
nascent RNA forms a duplex with DNA of about 10 -base -pairs long; and 
that the enzyme weakly interacts with DNA along its grooves and 
preferentially makes contacts with the minor groove. 
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The DNA-dependent syntheses of different enzymes of the bacteriophages T3 
and T7 were studied in an Escherichia coli system in vitro with 
respect to the optimal Mg2+ concentration and its interdependence with 



substituting (e.g. spermidine) and complexing agents (e.g. 
phosphoenolpyruvate) . The following results were obtained. 1. The optimal 
conditions for the syntheses of the different enzymes were not identical. 
The optima for RNA polymerase synthesis were 8 mM Mg2+, 10 mM 
P-pyruvate and 3 mM spermidine; for S-adenosyl -L-methionine cleaving enzyme 
synthesis, 6 mM Mg2+, 6 mM P-pyruvate and 3 mM spermidine; and for lysozyme 
synthesis, 13-18 mM Mg2 + , 2 8 mM P-pyruvate and 3-0 mM spermidine. 2. The 
optimal conditions for the synthesis of analog enzymes (RNA 
polymerases and lysozymes) from the two templates were identical with 
experimental error. 3. Mg2 + and spermidine substituted for each other in 
relation to the number of their charges. 4. The apparent complexing of one 
Mg2 + molecule required the addition of 3-5 P pyruvate molecules. 5. Under 
the optimal conditions the enzyme- synthesizing activity was higher by more 
than a factor of 10 compared to previously described systems. 
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Specific and nonspecific inhibition of transcription by DNA PNA, and 
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ABSTRACT: DNA duplexes analogous to the promoters for SP6 or T7 
RNA polymerase inhibit transcription with exquisite 
selectivity. By contrast, phosphorothioate oligomers inhibit 
nonselectively, and peptide nucleic acid (PNA) duplexes and PNA: DNA 
heteroduplexes do not inhibit at all. The absence of recognition of 
proteins by PNAs may prove to be a substantial advantage for their use as 
anti-sense agents and nucleic acid probes. 
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to a R cntdot Y site downstream from the promoter. 
AUTHOR: Alunni - Fabbroni Marianna; Manfioletti Guidalberto; Manzini Giorgia; 

Xodo Luigi E(a) 

AUTHOR ADDRESS: (a) Dep. Biochem. , Biophys . Macromol . Chem. , Via Giorgieri 

1, Univ. Trieste, 1-34127 Trieste* *Italy 
JOURNAL: European Journal of Biochemistry 226 (3) :p8 31-839 1994 
ISSN: 0014-2956 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The effect of triplex-forming oligonucleotides (TFO) on the 
transcription activity of T7 RNA polymerase has been 
investigated by an in vitro assay. The TFOs, either containing only 



phosphate (PO-2) or phosphate and phosphorothioate (POS) internucleotide 
linkages, were targeted to a 30 -bp homopurine cntdot homopyrimidine (R 
cntdot Y) site cloned in plasmid Bluescript KS+ about four helical turns 
downstream from the T7 RNA promoter. Band- shift and 

ultraviolet absorption melting experiments showed that the designed 
pyrimidine PO-2 and POS TFOs form stable triple-helical complexes with 
the R cntdot Y target duplex (the DELTA-G-TFO values of triplex formation 
vary from -42 to -63 kJ/mol) . The triple-helical complexes resulting from 
POS oligonucleotides were less stable (by 4-12 kJ/ mol) than those 
obtained with PO-2 analogues, the magnitude of destabilization 
being dependent on the number of POS groups present in the third strand. 
The designed TFOs were shown to efficiently repress bacteriophage 
T7 RNA polymerase transcription under different 

experimental conditions. The repression depended on pH, TFO concentration 
and temperature. When the TFO/template ratio was fixed to 100, a strong 
repressive effect was observed with normal and phosphorothioate 
pyrimidine TFOS, also under physiological conditions. In contrast, a 
purine-rich oligonucleotide containing 44% of guanine residues promoted 
only a weak transcription inhibition, even at a TFO/template ratio as 
high as 750. Both PO-2 and POS -containing pyrimidine TFOs produced their 
strong repressive effect on T7 RNA polymerase 

transcription even when they were added to the reaction mixture 
simultaneously with the polymerase. A mechanism of transcription 
repression is discussed. The data reported in this paper are useful for 
designing oligonucleotides acting as artificial repressors in the 
antigene strategy and indicate that the R cntdot Y target need not to be 
precisely confined to the promoter. 
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Preparation of infectious Venezuelan equine encephalitis virus based on 
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ABSTRACT: An attempt was made to create an efficient experimental system to 
study the effect of mutation- induced changes in various genes on the 
biological properties of Venezuelan equine encephalitis (VEE) virus and 
first of all on its attenuation. Experiments were carried out with a 
Trinidad donkey strain of VEE virus. Plasmid pVE-57 constructed contained 
full-length DNA-copy of genome. The plasmid was then used for the 
synthesis of RNA analogue of VEE genome in in- vitro 
transcription reaction, using RNA-polymerase of phase 
T7. The results of the transfection of the cell culture by 
RNA preparations obtained under varying transcription conditions 
were presented. The biological properties of the VEE virus obtained on 
the basis of the genome copy and the initial strain were compared in 
mice. It was found that the viruses were identical. Molecular sequence 
data are presented. 
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Rescue of synthetic analogs of genome RNA of human 
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ABSTRACT: A simple system that allows expression and packaging of a foreign 
gene by human parainfluenza virus type 3 {HPIV-3) has been described. 
First, a cDNA was constructed to encode an internally deleted version of 
HPIV-3 genome RNA. The viral genes were replaced with a negative 
sense copy of the bacterial chloramphenicol acetyl transferase (CAT) 
reporter gene. In vitro run-off transcription with T7 RNA 
polymerase synthesized an 870 nucleotide RNA that contained 
the antisense coding region of the CAT gene flanked by the transcription 
regulatory sequences and the 3 1 and 5 1 end extracistronic sequences of 
the HPIV-3 genome. When introduced into cells that are infected with 
HPIV-3, this RNA was amplified and the reporter gene was expressed, 
as measured by the CAT activity in the cell extract. Furthermore, the 
synthetic RNA was packaged into infectious virions. The addition of 
two extra nucleotides at the 5' end of the parental trailer region 
decreased the CAT activity by more than 90%, suggesting a requirement for 
the intact 5 ' -regulatory domain in the viral replicative cycle. 
Interestingly, the addition of one extra nucleotide to the 3 1 end totally 
abolished the CAT activity indicating that an exact 3 ' terminus is 
critical in this process. 
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Bacteriophage T7 RNA polymerase: Fluorine-19 nuclear 
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ABSTRACT: We have substituted 5 -f luorodeoxyuridine (5-FdU) in place of 
thymidine in defined positions along synthetic bacteriophage T7 
promoter DNA sequences. None of the f luoro-substitutions in the promoter 
DNA sequence reduced transcription yields with T7 RNA 
polymerase significantly. Substitutions on the coding template 
strand reduced transcription yields when placed at +3, but not at +4. 
19F-n.m.r. spectra from transcription reactions and, gel analysis of 
transcription products show that T7 RNA polymerase 



correctly and efficiently utilizes 5-FUTP as a RNA substrate 
analog. The fluorine atom provides a sensitive probe for monitoring 
the local environment, base sequence and solvent exposure at the DNA 
major groove through its 19F-n.m.r. resonance. Buffer dependencies of the 
fluorine chemical shift and digestion patterns with DNase I suggest that 
the T7 promoter base-pairs near the transcription start site are 
distorted with a more open minor groove and less solvent accessible major 
groove. Previous chemical footprinting data of promoter -polymerase 
complexes yield a picture that T7 RNA minor groove features 
on the same side of DNA flanking both sides of this region. Consistent 
polymerase recognizes major groove features in the region from 
positions -7 to -11 and minor groove features on the same side of DNA 
flanking both sides of this region. Consistent with this, 19F-n.m.r. 
observations identify two additional positions, -8 and -17, involved in 
promoter recognition on this side of the DNA helix. On the other hand, 
our observations also implicate the opposite side of the DNA helix, 
primarily at positions -14 and -15, as major groove recognition sites for 
T7 RNA polymerase. In addition, n.m.r. spectra from 
5-FdU-substituted base-pairs -2 and -3, suggest either additional 
interactions on the same side of the DNA helix as -14 and -15, or 
distortions in the DNA structure. 
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ABSTRACT: A new photocrosslinking CTP analog that functioned as a 

substrate during transcription was synthesized and used to photoaf f inity 
label E. coli and bacteriophage T7 RNA polymerases. This 
analog, 5 - { {4 -azidophenacyl) thio) cytidine-5 ' -triphosphate 
(5-APAS-CTP) contains an aryl azide group approximately 10 ANG from the 
nucleotide base and specifically replaced CTP during synthesis of 
RNA by both polymerases. Analog was placed at the 3' end or 
internally within RNA. Both polymerases inefficiently incorporated 
two 5-AP AS-CMP molecules sequentially, as was found for the related 
5-APAS-UMP. Analog was placed at the 3' end of RNA in 

transcription complexes paused at the site of Q-modif ication of E. coli 
RNA polymerase, downstream of the lambda PR' promoter (+ 16) , 
a pause that requires specific DNA sequences but no apparent RNA 
hairpin. Crosslinking was examined in the presence and absence of the 
NusA protein, which enhances the transcriptional pause at this site and 
is required for Q modification of the polymerase. Crosslinking of 
the 3' end of the RNA to NusA was not observed, consistent with our 
earlier results involving a NusA-enhanced pause site downstream from an 
RNA hairpin. 
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ABSTRACT: Interactions of the bacteriophage T7 DNA-dependent 
RNA polymerase with three GTP analogs have been 
studied. All of the three analogs tested contained substituted 
naphtalenesulphamide groups and were shown to be under appropriate 
conditions irreversible covalent inhibitors of the enzyme, the modified 
enzyme possessing fluorescent properties. One of these analogs 
contained the reactive 2-bromethyl phosphonate group and was shown to 
cause the loss of the enzyme affinity for polynucleotide templates. The 
other two modifiers which contained the azide reactive group did not 
alter the enzyme -template affinity, the polynucleotide binding leading to 
a notable increase of the enzyme fluorescence intensity. The latter two 
modifiers are supposed to be convenient for fluorescent labelling of the 
active site of RNA polymerase for enzyme -template binding 
studies. 
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ABSTRACT: The role of base modification in yeast tRNAAla function in 
protein synthesis was examined by the use of unmodified tRNA 
analogues. Unmodified full length tRNAs , 5' -half tRNAs (nucleotides 
1-35) and 3 ' -half tRNAs (nucleotides 37-75) were transcribed in vitro 
using T7-RNA polymerase. Unmodified tRNA half molecules 
were joined to normally modified half molecules {5 '-half, nucleotides 
1-36; 3' -half, nucleotides 326-75) by T4-RNA ligase. Using this 
method, we synthesized three analogues of yeast tRNAAla: (i) 
tRNAAAla which lacks base modifications in the 5 '-half of the molecule; 
(ii) tRNAAla completely lacking base modifications in the 3 ' -half of the 
molecule; and (iii) tRNAAla completely lacking base modifications. We 
determined the biological activities of these analogues. In rat 



aminoacyl-tRNA synthetase reactions, the alanine acceptance activity 
decreased by 52%, 79% and 85% when modified bases were absent from the 
5' -half molecule, the 3 ' -half molecule or the total molecule, 
respectively. In rabbit reticulocyte lysates, alanine incorporation into 
proteins decreased by 3%, 57%, and 47% for tRNA analogues lacking 
modified bases in the 5' -half, and 3 ' -half or the entire tRNA, 
respectively. These results suggest that the modified nucleotides, 
especially in the 3 ' -half molecule, plays an important role in yeast 
tRNAAla activity. 
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ABSTRACT: Authors have verified previously advanced hypothesis that the 
oligoribonucleotides selectively bound by the E. coli {T7 and T3) 
RNA polymerase mimic the promoter regions of DNA. It is shown 
that oligoribonucleotides homologous to the -10 region of the promoter of 
the nontranscribed DNA strand are not bound by E. coli RNA 
polymerase and mimic the other specific signals. 
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ABSTRACT: The NTP binding site of bacteriophage T7 DNA-dependent 
RNA polymerase was studied using GTP Analogs . For four 
analogs the irreversible inhibition was demonstrated. The kinetic 
parameters for competitive (Ki) and irreversible (KI and k3) inhibition 
were determined. One of the analogs, 
1 [2 -hydroxy (4 -iodoacetamido) benzoyl] guanosine, was shown to inactivate 
e enzyme rapidly due to the modification of SH-groups. Some suggestions 



on the structure of the RNA polymerase active site have been 
made . 
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ABSTRACT: Detailed analysis of the kinetics of inhibition of E. coli 
RNA-polymerase-catalyzed synthesis of dinucleotide pppApU by 
8-oxy-GTP and 8-Br-GTP on promoter Al of the bacteriophage T7 
.DELTA. Ill with an incomplete set of substrates was carried out. In 
accordance with the mathematical models obtained, we calculated 
quantitative parameters of binding of these nucleotide analogs to 
the centers whose geometry is suitable for incorporation of ATP and UTP. 
8-oxy-GTP and 8-Br-GTP compete with ATP for the binding center (their 
steady-state dissociation constant ratios are 2.1 and 2.4, respectively, 
whereas the constant for ATP is 0.3 mM) but, unlike ATP, they are not 
incorporated into the product. 8-oxy-GTP competes also with UTP (its 
steady-state dissociation constant ratio is 21.6, the constant for UTP i 
0.03 mM) . 8-Br-GTP does not interact with the binding center of UTP. 
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ABSTRACT: Yeast tRNA ligase, from Saccharomyces cerevisiae, is one of the 
protein components that is involved in the splicing reaction of 
intron-containing yeast precursor tRNAs . It is an unusual protein becaus 
it has three distinct catalytic activities. It functions as a 
polynucleotide kinase, as a cyclic phosphodiesterase, and as an RNA 
igase. We have studied the binding interactions between ligase and 
ecursor tRNAs containing two photoreactive uridine analogues, 



4-thiouridine and 5-bromouridine . When irradiated with long ultraviolet 
light, RNA containing these analogues can form specific 
covalent bonds with associated proteins. In this paper, we show that 
4-thiouridine triphosphate and 5-bromouridine triphosphate were readily 
incorporated into a precursor tRNAPhe that was synthesized, in vitro, 
with bacteriophage T7 RNA polymerase. The 

analogue -containing precursor tRNAs were authentic substrates for 
the two splicing enzymes that were tested (endonuclease and ligase) , and 
they formed specific covalent bonds with ligase when they were irradiated 
with long-wavelength ultraviolet light. We have determined the position 
of three major cross -links and one minor cross -link on precursor tRNAPhe 
that were located within the intron and near the 3" splice site. On the 
basis of these data, we present a model for the in vivo splicing reaction 
of yeast precursor tRNAs . 
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ABSTRACT: A kinetic analysis of inhibition of synthesis of dinucleotide 
pppApU catalyzed by Escherichia coli RNA-polymerase on Al 
promoter of the DNA from T7 .DELTA. Dili phage mutant by 8-oxy-ATP 
under the conditions of the coupled synthesis of pppApU and pppApUpC and 
in the presence of an incomplete set of substrates, namely ATP, UTP, CTP, 
has been performed. It was found that 8-oxy-ATP is an unproductive 
analog of both ATP and CTP. A comparative analysis of the 

dissociation constants shows that 8-oxy-ATP binds at ATP center 3.3 times 
and at CTP center 540 times weaker than natural substrates. At the UTP 
center 8-oxy-ATP does not bind at all. 
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ABSTRACT: The effect of 8-Br-ATP and 8-oxy-ATP on RNA synthesis on 

calf thymus DNA and on abortive synthesis of di- and trinucleotides on 
promoter AI of phage T7 .DELTA. Dili DNA in the case of an 
incomplete set of substrates was studied. It was shown that the ATP 
analogs used inhibit the RNA and di- and trinucleotide 

synthesis. In all cases, 8-oxy-ATP was a more effective inhibitor than 
8-Br-ATP. Both analogs are incapable of being the primer and they 
do not replace ATP in the course of abortive initiation of pppApU 
synthesis . 
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ABSTRACT: Steady-state kinetic studies of the rif ampicin-ef f ected abortive 
initiation of transcription by E. coli RNA polymerase {EC 
2.7.7.6) on the Al T7 phage promoter were carried out with the use 
of ATP, UTP and a number of their appropriately modified analogues. 
The kinetic parameters KiA, KmB, Ki and KsB characterizing the affinity 
of the substrates and inhibitors of the reaction to the initiation and 
elongation sites of the enzyme : promoter and the 

enzyme : promoter nucleoside triphosphate complexes were determined 
therefrom. Their comparative analysis indicated that 1) the triphosphate 
chain of the initiating purine nucleoside triphosphate interacts with 
some protein acceptor groups through the .alpha.- and .beta . -phosphate 
residues; the phosphates are engaged in binding of nucleoside 
triphosphates at the elongation site in the absence of the primer 
nucleotide; 2) the ribose 2 ' -OH of the elongating nucleotide, but neither 
of the ribose hydroxyl groups of the initiating nucleotide, participate 
in substrate recognition by protein receptors; 3) either substrate, ATP 
or UTP, bound to the initiation complex increases by about the same 
factor (.gtoreq. 10) the affinity of the other to its binding site; 4) 
the 3 1 -OH of the primer nucleotide and the . gamma . -phosphate of the 
elongating nucleotide are involved in the synergistic interaction of the 
substrates; .alpha.- and .beta . -phosphates of the elongating nucleotide, 
bound to some protein receptors, also contribute to this process. It is 
postulated that the interaction of substrates is mediated through an Mg2+ 
ion, known to be required for binding of the substrates in the elongation 
site, and a minimal molecular model of a PuoTP:Mg (II) : nucleoside 
triphosphate chelate complex in the catalytic centre of the transcription 
initiation open complex is proposed. 
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INORGANIC PYRO PHOSPHATE ANALOGS IN THE PYRO PHOSPHOROLYSIS REACTION 

CATALYZED BY ESCHERICHIA- COLI RNA POLYMERASE 
AUTHOR: ROZOVSKAYA T A; CHENCHIK A A; TARUSOVA N B; BIBILASHVILI R SH; 

KHOMUTOV R M 

AUTHOR ADDRESS: INST. MOL. BIOL., ACAD. SCI . USSR, MOSCOW, USSR. 

JOURNAL: MOL BIOL (MOSC) 15 (6). 1981 (RECD. 1982). 1205-1223. 1981 

FULL JOURNAL NAME: Molekulyarnaya Biologiya (Moscow) 

CODEN: MOBIB 

RECORD TYPE: Abstract 

LANGUAGE: RUSSIAN 

ABSTRACT: Processive pyrophosphorylysis of RNA from the ternary 
complex composed of RNA polymerase -nascent RNA 

-.DELTA. Dill phage T7 DNA was studied in the absence of nucleoside 
triphosphates. A series of inorganic pyrophosphate analogs were 
investigated for their ability to sustain the reaction and to compete 
with PPi for the reaction. Methylenediphosphonic acid, imidodiphosphonic 
acid, phosphonoacetic acid, inorganic triphosphate and 

methylenediphosphonic acid phosphate were capable of substituting for PPi 
in the RNA degradation reaction with equal efficiency. RNA 
degradation gave rise to nucleoside monophosphates for phosphonoacetic 
acid, nucleoside triphosphates for PPi and inorganic triphosphate and 
nucleoside triphosphates analogs for methylenediphosphonic acid 
imidodiphosphonic acid and methylenediphosphonic acid phosphate. The 
problem of specific interaction of RNA polymerase with 
nucleoside triphosphates and PPi is discussed in terms of structural 
experiments for the compounds to be a potent substrate for RNA 
polymerase . 
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MECHANISTIC STUDIES ON DNA DEPENDENT RNA POLYMERASE FROM 

ESCHERICHIA- COLI USING PHOSPHOROTHIOATE ANALOGS PART 1 INITIATION 
AND PYRO PHOSPHATE EXCHANGE REACTIONS 

AUTHOR: YEE D; ARMSTRONG V W; ECKSTEIN F 

AUTHOR ADDRESS: ABT . CHEM., MAX PLANCK- INST. EXP. MED., D-3400 GOETTINGEN, 
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CODEN: BICHA 

RECORD TYPE: Abstract 

LANGUAGE: ENGLISH 

ABSTRACT: The diastereomers of adenosine 5 * -O- (1-thiotriphosphate) 

(ATP. alpha. S) and adenosine 5 ' -0- (2 - thiotriphosphate) (ATP. beta. S) can 
replace ATP in the initiation reaction catalyzed by DNA dependent 
RNA polymerase from E. coli. In both cases, the Sp 

diastereomer is a better initiator than the Rp isomer. The diastereomers 
of 3 1 -uridyl 5 ' -adenosyl O, O-phosphorothioate [Up(S)A] can replace UpA in 
the primed initiation reaction catalyzed by RNA polymerase, 
but the Rp diastereomer is a better initiator than the Sp isomer. By 
using ATP or CpA as initiator and UTP. alpha, S, isomer A, as substrate, 
the stereochemical courses of both the initiation and primed initiation 
reactions, respectively, were determined with [phage] T7 DNA 
template and they proceeded with inversion of configuration. 
Determination of the stereochemical course of the pyrophosphate exchange 
reaction catalyzed by RNA polymerase provides evidence that 



this reaction is the reverse of the phosphodiester bond-forming reaction. 
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PHOTO AFFINITY LABELING OF ESCHERICHIA- COLI RNA POLYMERASE WITH 

SUBSTRATE ANALOGS IN A TRANSCRIPTION COMPLEX 
AUTHOR: SVERDLOV E D; TSAREV S A; MODYANOV N N; LIPKIN V M; GRACHEV M A; 

ZAICHIKOV E F; PLETNEV A G 
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ABSTRACT: gamma . -Azidoanili dates of ATP and GTP are substrates of 
DNA-dependent RNA polymerase of E. coli. The RNA 
product synthesized in the presence of these analogs contains 
azidoaniline residue at the 5' -end, therefore which allows to label the 
corridor along which RNA leaves the transcribing complex. The 
photoaf f inity labeling experiments were perfomed in the presence of 2 
kinds of promoter-containing fragments, a 1000 base pair long fragment of 
. **GRAPHIC** . DNA containing a single promoter of 45 RNA and a 
fragment of the same length of [phage] T7 DNA containing the early 
promoters Al, A2 , A3. The reaction mixtures composed of a 
promoter-containing fragment, RNA polymerase, 1 of the 
analogs, a radioactive NTP [nucleoside triphosphate] , and, in some 
cases, additional nonradioactive NTP, were irradiated by UV-light 
(.lambda. > 290 nm) . With different substrate and template combinations 
varions labeling patterns were obtained involving .beta . .beta .'- , 
.sigma.- . alpha . -subunits . 
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TRANSCRIPTION OF PHAGE T-7 DNA CONTAINING MODIFIED NUCLEOTIDES BY BACTERIO 

PHAGE PHAGE T-7 SPECIFIC RNA POLYMERASE 
AUTHOR: STAHL S J; CHAMBERLIN M J 
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ABSTRACT: The interaction of bacteriophage T7 specific RNA 
polymerase with its cognate promoter sites was probed by 
selectively replacing bases in one T7 promoter site with base 
analogs. Base analogs such as 2 , 6-diaminopurine or 

hypoxanthine, which alter residues appearing in the minor groove of the 
DNA helix, prevent utilization of the promoter by T7 RNA 
polymerase. These analogs do not affect transcription which 



starts outside of the modified region. Base analogs that have 
alterations that appear in the major groove of the DNA helix, such as 
uracil, 5 -bromouracil , 5 -methylcytosine , 5-hydroxymethylcytosine and 
[5-HgSR] pyrimidines, do not prevent utilization of the promoter. The 
deoxyribonucleoside analog 5 ' -imino-j ' -deoxy thymi dine, an 

alteration appearing in""fhe deoxyrirjbsephosphodiester backbone of the DNA 
helix, does n gt pr^v^nt promoter r ecognition. Haemophilus aegyptius 
restriction endonuclease [Hae-] III, which cleaves DNA at the sequence 
5'GGCC3', does not act at sites in which the guanine residues in 1 of the 
2 DNA strands were substituted with hypoxanthine . This implicates the 
guanine amino group in the minor groove of the DNA helix as a possible 
recognition point for this restriction endonuclease. 
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ABSTRACT: E. coli RNA polymerase holoenzyme transcribes 

bacteriophage T7 DNA selectively in vitro. Under normal conditions 
transcription is initiated predominantly at the 3 A promoter sites (near 
1% on the standard genetic map) and is terminated at a site located at 
20%. Transcription of DNA from the homologous bacteriophage T3 is also 
initiated predominantly at the left end of the genetic map, but where 
transcription is terminated near 20% in vivo, there is little or no 
termination in vitro. Ribonucleoside triphosphate base analogs can 
be incorporated into the RNA chain which alter the stability of the 
RNA -DNA hybrid made during transcription and substantially affect 
termination at the 2 termination sites in vitro. Substitution of a 
ribonucleoside triphosphate base analog 

(5 -bromocytidine-5 * -triphosphate) which stabilizes the RNA-DNA 
hybrid stimulates termination with T3 DNA. Substitution of a base 
analog (ITP) that destabilizes the RNA-DNA hybrid supresses 
termination with T7 DNA. These 2 observations suggest that the 
critical step in the termination of transcription is the formation of a 
G-C containing RNA-DNA hybrid at the termination site. This model 
is supported by transcription studies on synthetic homopolymers (dGn) 

.cntdot. (dCn) and d(A-T)n. RNA polymerase appears to 
terminate and reinitiate frequently when (dG) .cntdot. (dCn) is 
transcribed with GTP and a stable RNA-DNA hybrid (rG) .cntdot. 

(dCn) is found. Termination occurs rarely, however, when d(A-t)n is the 
template or when ITP is the substrate for (dGn) .cntdot. (dCn) 
transcription and a free RNA chain is formed. It appears that the 
termination of transcription is stimulated when the formation of a stable 
RNA-DNA hybrid is favored over the reformation of the DNA duplex. 
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ESCHERICHIA- COLI IN-VIVO SUBSTITUTION OF TIGHTLY BOUND ZINC WITH COBALT 
AUTHOR: SPECKHARD DC; WU F Y-H; WU C-W 

AUTHOR ADDRESS: DIV. BIOL. SCI., DEP. BIOPHYS . , ALBERT EINSTEIN COLL. MED., 

NEW YORK, N.Y. 10461, USA. 
JOURNAL: BIOCHEMISTRY 16 (24). 1977 5228-5233. 1977 
FULL JOURNAL NAME: Biochemistry 
CODEN: BICHA 
RECORD TYPE: Abstract 
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ABSTRACT: E. coli RNA polymerase [EC 2.7.7.6] is a 

metal loenzyme containing 2 g-atoms of tightly bound Zn/mol of enzyme. 
RNA polymerase from E. coli cells grown in a Zn-depleted 

medium supplemented with CoCl2 was prepared. The purified enzyme contains 
1.8 .apprx. 2.2 g-atoms of Co/mol of enzyme with concomitant reduction in 
the Zn content. The Co-substituted enzyme is enzymatically as active as 
Zn-RNA polymerase on a variety of templates under standard 
assay conditions. These 2 enzymes are almost identical by such physical 
criteria as subunit composition, monomer -di me r equilibrium and pH and 
temperature stabilities. They differ in that Co-RNA 
polymerase exhibits a visible absorption spectrum with 2 major 
peaks at 584 and 703 nm. Addition of nucleoside triphosphates selectively 
perturbs the 584 nm peak, but the addition of a template analog, 
d(pT)10, affects both peaks. These spectral changes suggest that the 
tightly bound metal ions may directly or indirectly participate in 
binding of substrate or template to the enzyme. Biochemically, both 
enzymes are also very similar with respect to pH-activity profile, 
extrinsic metal requirements, 1 , 10 -phenanthroline inhibition and fidelity 
of transcription of synthetic templates. Detailed kinetic and biochemical 
analyses revealed that the Co enzyme has a lower value {.apprx. 2 -fold) 
of apparent Km for [phage] T7 DNA under certain experimental 
conditions and that it is less efficient in initiating RNA chains 
at the A2 than at the Al + A3 promoters on T7 DNA template as 
compared to the Zn enzyme. This was demonstrated by studying the ratio of 
GTP/ATP incorporations into the 5' terminal of RNA products and by 
measuring the formation of (rl) n-resistant initiation complexes at 
specific promoter sites using various combinations of dinucleotides and 
nucleoside triphosphates. The in vitro transcription of a lac operon 
system by Co-RNA polymerase is less sensitive to c [cyclic] AMP 
and cAMP receptor protein than is the transcription by Zn-RNA 
polymerase. The results of comparative studies using the Co and Zn 
enzymes showed that the intrinsic metal of RNA polymerase is 
apparently involved in promoter recognition and specific initiation in 
RNA synthesis. 
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CAULOBACTER-CRESCENTUS RNA POLYMERASE PURIFICATION AND 
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ABSTRACT: C. crescentus RNA polymerase holoenzyme and core 

enzyme were separated by chromatography on denatured DNA-cellulose and 
purified by phosphocellulose chromatography. To assess the functional 
role of the putative C. crescentus .sigma. subunit, the enzymes were 
compared to Escherichia coli holoenzyme and core RNA polymerases, 
and the transcription of various DNA templates by C. crescentus core 
polymerase with E. coli was examined. C. crescentus and E. coli 
RNA polymerases differed in subunit MW and degree of immunologic 
cross-reactivity. Despite these differences, the E. coli .sigma. subunit 
partially stimulated the transcription of E. coli phage T7 or T2 
DNA templates by C. crescentus core enzyme. The presence of the .sigma. 
subunit influenced the specificity of nucleoside triphosphate 
incorporation at the 5 1 terminus of the RNA chain and the selective 
strand transcription of phage T7 DNA. The C. crescentus core 
polymerase and .sigma. subunit is functionally analogous to 
the E . coli core polymerase- . sigma . subunit interaction. Addition 
of E. coli .sigma. to the C. crescentus core polymerase, but not to 
the C. crescentus holoenzyme, preferentially stimulated transcription of 
E. coli DNA templates. C. crescentus holoenzyme, but not core 
polymerase, formed open binary complexes with template DNA. The 
interaction of the .sigma. subunit with the core polymerase 
influenced the specificity of 5 '-terminal ribonucleoside triphosphate 
incorporation and the asymmetric transcription of phage T7 DNA 
template . 
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ABSTRACT: Ribose and deoxyribose 5' pyro- and triphosphates were potent 
substrate competitive inhibitors for an in vitro transcription system 
containing calf thymus or [phage] T7 DNA as template, and the 
Escherichia coli RNA polymerase [EC 2.7.7.6]. Each of these 
analogs gave Ki values (.apprx. 25 .mu.M) essentially the same as 
the Km values (.apprx. 15 .mu.M) for the substrates. The ribose and 
deoxyribose 5' monophosphates, ribonucleosides, deoxynucleoside mono- and 
triphosphates were not significant inhibitors. The enzyme apparently 
binds the substrate primarily through the 3 ' -endo ribose polyphosphate 
moiety. 
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et al . , 1996). Using a T7 RNA polymerase expression 

system, we produced huDHODH as a fusion protein containing an 
amino -terminal decahistidine tag. Escherichia coli growth and expression 
conditions were optimized to enhance huDHODH solubility and to permit 
purification of the enzyme in the absence of detergent. Soluble huDHODH, 
purified by a simple two-step procedure, was catalytically active, 
monomeric, and contained a flavin mononucleotide (FMN) cof actor in a 1:1 
FMN/protein molar ratio. Kinetic analysis showed that huDHODH uses a two 
site ping-pong mechanism, where DHO is oxidized at one site and the second 
substrate, ubiquinone, is reduced at the other. This result is consistent 
with the mechanism proposed for bovine liver DHODH (Hines and Johnston, 
1989} . 
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Bipartite modular structure of intrinsic, RNA hairpin- independent 
termination signal for phage RNA polymerases. 
Kwon Y S; Kang C 
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Journal of biological chemistry (UNITED STATES) Oct 8 1999, 2 74 
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The phage SP6 RNA and T7 RNA polymerases, which are 
closely related to each other, intrinsically stop at two signals in the 
Escherichia coli rrnB terminator tl through different mechanisms. The 
downstream signal functioned without an RNA secondary structure 
formation, in which the signal was still active when separated from the 
upstream, hairpin- forming signal, and IMP incorporation enhanced its 
efficiency. The sequence from -15 to -1 was essential for the downstream, 
hairpin- independent termination (at -1) . The results of SP6 transcription 
with heteroduplex templates and ribonucleotide analogs suggested that 
the downstream signal consists of two functionally different modules. The 
effects of iodo-CMP or IMP incorporation into RNA on termination 
efficiency were not sensitive to incorporation at -9 and upstream, but they 
were reactive to incorporation at -6 and -2, as reflected by strong 
iodo-rC:dG and weak rI:dC base pairing. Thus, the downstream module (from 
-8 approximately -6 to -1) appears to facilitate the release of RNA. 
Mismatches in the templates at -6 to +1 allowed for efficient termination, 
unlike those upstream of the sequence. The upstream module (from -15 to -9 
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Expression and characterization of E. coli -produced soluble, functional 
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Human dihydroorotate dehydrogenase (huDHODH) is essential for de novo 
biosynthesis of pyrimidines and the target of two immunosuppressive drugs, 
brequinar and the leflunomide metabolite A77-1726 (Chen et al . , 1992; Davis 



approximately -7) functions as a duplex. Pausing of the SP6 elongation 
complex at the termination site was detected when RNA release was 
suppressed by the incorporation of 5-bromo-UMP, and it was dependent on the 
upstream module. Results of single-round SP6 transcriptions using 
3 ' -deoxynucleotides and immobilized templates indicated that RNA was 
not released from the elongation complexes halted at the termination site 
on the template variants carrying mutations in the upstream or downstream 
module, whereas such complexes on the wild type template were dissociated. 
Thus, halting or simple pausing was not sufficient for termination even 
when the downstream module was intact. The upstream module appears to 
mediate such conformation change necessary for termination. 
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The environment of 5S rRNA in the ribosome : cross -links to 23S rRNA from 
sites within helices II and III of the 5S molecule. 
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Three contiguous fragments of Escherichia coli 5S rRNA were prepared by 
T7 transcription from synthetic DNA templates. The central fragment, 
comprising residues 33-71 of the molecule, was transcribed in the presence 
of 4-thiouridine triphosphate together with [32P]UTP. The three transcripts 
were ligated together, yielding a 5S rRNA analogue carrying 
4-thiouridine residues at positions 40, 48, 55 and 65 in helices II and 
III, After ligation, the 4-thiouridine residues were derivatised with p 
-azidophenacyl bromide. The modified 5S rRNA was reconstituted into SOS 
subunits and these subunits were used to prepare 7 0S ribosomes in the 
presence or absence of tRNA and mRNA. The azidophenyl groups were then 
photoactivated by mild irradiation at 300 nm and the products of 
cross -linking analysed by our standard procedures. Multiple cross -links 
from 5S rRNA to two distinct regions of the 23S rRNA were observed. The 
first region was located in helix 3 8 in Domain II of the 23S molecule, with 
cross-links at sites between nucleotides 885 and 922. The second region 
covered helices 81-85 in Domain V, with sites between nucleotides 2272 and 
2345. Taken together with previous data, these results serve to define the 
arrangement of the 5S rRNA molecule relative to the 23S rRNA within the SOS 
subunit . 
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The single amino acid change Glyl72 to Ser in the phosphoprotein (P) of 
respiratory syncytial virus (RSV) has previously been shown to be 
responsible for the thermosensitivity and protein-negative phenotype of 
tsN19, a mutant of the B subgroup RSN-2 strain. This single change was 
inserted into the P gene of the A subgroup virus RSS-2, and the resulting 
phenotype was observed in a plasmid-driven reconstituted RSV RNA 
polymerase system. Expression from a genome analogue containing 
two reporter genes was thermosensitive when directed by plasmids containing 
the N, L, M2, and mutant P genes cloned under the control of T7 
promoters. Analysis of RNA synthesis showed that mutant P protein 
was unable to produce genome, antigenome, or mRNA at the restrictive 
temperature. At a semipermissive temperature, genome, antigenome, and mRNA 
synthesis were all reduced, 6- to 30-fold, relative to synthesis directed 
by a wild-type P plasmid. Binding of the mutant P protein to N protein in 
the absence of other viral proteins was unaffected by temperature, 
indicating that the lesion did not produce a large enough structural change 
to disrupt this binding. These data suggest that the plasmid rescue system 
is suitable for investigation of the role of thermosensitive mutations in 
RSV polymerase components in RNA synthesis. 
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Transcription is the fundamental process by which RNA is 
synthesized by RNA polymerases on double- stranded DNA templates. One 
structurally simple RNA polymerase is encoded by bacteriophage 
T7 . T7 RNA polymerase is an excellent candidate for 

studying structural aspects of transcription, because unlike the eucaryotic 
and bacterial RNA polymerases, it is a single subunit enzyme and does 
not require additional factors to carry out the entire process of 
transcription from start to finish. An important advantage of studying 
transcription using this enzyme is that the high-resolution crystal 
structure of T7 RNA polymerase has been solved. However, 
a cocrystal structure of the polymerase complexed with promoter has 
not yet been published. Here, we have used cross -linking techniques to 
understand the interaction of promoter with T7 RNA 
polymerase . We constructed promoters that were substituted with the 
photo-cross-linkable nucleotide 5-iodo uracil at every dT in the promoter 
from -17 to -1. This substitution replaces the 5-methyl in dT with an 
iodine atom. The substituted promoters were photo- cross -linked to T7 
RNAP, and the efficiency of cross -linking was quantitated at every 
position. In the melting domain, the strongest contacts occurred at -3 and 
at -1 on the template strand while very weak cross- linking was seen at -2 
and at -4 on the nontemplate strand. In the binding domain, the strongest 
contacts were seen at -16, -15, and -13 and at -10 on the template strand 
while at -17 and -14 on the nontemplate strand very weak cross -linking was 
observed. Cross-linking was poor in the intervening region between the 
binding and the melting domains. These results suggested that, in the 
T7 RNA polymerase -promoter complex, the polymerase 

molecule mainly contacts the template bases in the TATA box while the 



upstream contacts are used as an anchor for DNA binding. For a systematic 
study designed to probe the nature of base-specific interactions in the 
polymerase -promoter complex, we used neutral salts from the 
Hofmeister series. In general, the order of perturbation was sulfate > 
citrate > acetate for anions and ammonium > magnesium > potassium for 
cations. Using acrylamide, a neutral hydrophobic agent to probe for 
nonionic contacts, we observed that at -2, -4, and -17 the contacts had a 
hydrophobic component, while at many other positions there was no 
significant effect, suggesting that the contacts in the promoter- 
polymerase complexes were predominantly ionic but at certain 
positions nonionic interactions also existed. To localize a specific 
interaction in the melting domain, we proteolyzed the cross-linked T7 
RNAP and analyzed the fragments using gel electrophoresis, mass 
spectrometry, and amino acid composition. High-resolution mapping indicated 
that amino acid residues 614-627 may be in the vicinity of the melting 
domain. Specifically, Y623 may contact -3 on the template strand. 
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We report the synthesis and characterization of 

5-thioacetamidof luorescein-uridine 5 ' -triphosphate (5-SF-UTP) , and its 
application to the characterization of the environment of the nascent 
RNA during trans -cript ion . This analog specifically replaced 
UTP as a transcription substrate for Escherichia coli and T7 
RNA polymerases, and yeast RNA polymerase III. 
Escherichia coli transcription complexes containing analog 
incorporated at only position +21 of the RNA were prepared. The 
RNA was then elongated in the absence of analog, moving the 
fluorescent group further away from the enzyme active site, and the 
fluorescence polarization was measured. Analog positioned near the 3' 
end of the transcript exhibited significantly increased polarization 
relative to that of free probe, consistent with the constrained environment 
of the RNA in the DNA -RNA hybrid. Analog positioned 14 

nucleotides from the 3 • end exhibited significantly decreased polarization 
relative to that at the 3 • end of the RNA, but only slightly above 
that of free RNA " , suggesting that the probe was on the 
solvent -exposed surface of the polymerase . Molecular modeling of 
these analog-substituted RNAs produced structures consistent with the 
experimental data. The excellent substrate properties of this analog 
make it useful for the characterization of the environment of RNA 
not only during transcription and translation, but in any type of 
ribonucleoprotein complex. 
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The structure of the internal transcribed spacer 1 (ITS1) in 
Schizosaccharomyces pombe was examined with respect to phylogenetically 
conserved features in yeasts as well as the binding of transacting factors 
that potentially play a role in ribosomal maturation. Computer analyses and 
probes for nuclease protection indicate a compact, more highly organized 
structure than previously proposed in Saccharomyces cerevisiae, with 
distinct structural features which can be recognized in S. cerevisiae. 
These include a central extended hairpin structure as well as smaller 
hairpins immediately adjacent to the maturing termini. Comparisons with ITS 
sequences in more diverse organisms indicate that the same features also 
can be recognized. This is especially clear in organisms which contain very 
short sequences in which the putative structures are much less ambiguous. 
Again nuclease protection analyses in one of these, Verticillium 
albo-atrum, confirm a central hairpin with additional hairpins linked to 
the maturing termini. Protein binding and gel retardation studies with the 
S. pombe ITS1 further indicate that, as observed in the 3' external 
transcripted spacer (ETS) region, the extended hairpin is not only the site 
of intermediate RNA cleavage during rRNA processing, but also a site 
for specific interactions with one or more soluble factors. Taken together 
with other analyses on transcribed spacer regions, the present data provide 
evidence that the spacer regions act not only to organize the maturing 
terminal sequences but also may serve to organize specific soluble factors, 
possibly acting in a manner which is analogous with that of the free 
small nucleolar ribonucleo protein particles (snoRNPs) . Copyright 1998 
Academic Press 
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Salmonella enterica poxA mutants exhibit a pleiotropic phenotype, 
including reduced pyruvate oxidase activity; reduced growth rate; and 
hypersensitivity to the herbicide sulf ometuron methyl, alpha-ketobutyrate , 
and amino acid analogs . These mutants also failed to grow in the 
presence of the host antimicrobial peptide, protamine. In this study, PoxA- 
mutants of S. enterica serovar Typhimurium (S. typhimurium) were found to 
be 10,000-fold attenuated in orally inoculated BALB/c mice and 1,000-fold 
attenuated in intraperitoneally inoculated BALB/c mice, compared to 
wild-type S. typhimurium UK-l. In addition, poxA mutants were found to be 
capable of colonizing the spleen, mesenteric lymph nodes, and Peyer's 



patches; to induce strong humoral immune responses; and to protect mice 
against a lethal wild- type Salmonella challenge. A 2-kb DNA fragment was 
isolated from wild-type S. typhimurium UK-1 based on its ability to 
complement an isogenic poxA mutant. The nucleotide sequence of this DNA 
fragment revealed an open reading frame of 325 amino acids capable of 
encoding a polypeptide of 36.8 kDa that was confirmed in the bacteriophage 
T7 expression system. Comparison of the translated sequence to the 
available databases indicated high homology to a family of lysyl-tRNA 
synthetases. Our results indicate that a mutation of poxA has an 
attenuating effect on Salmonella virulence. Further, poxA mutants are 
immunogenic and could be useful in designing live vaccines with a variety 
of bacterial species. To our knowledge, this is the first report on the 
effect of poxA mutation on bacterial virulence. 
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R) -9- (2 -Phosphonylmethoxypropyl) adenine (PMPA) is an acyclic nucleoside 
phosphonate that has been shown to be effective in the treatment of AIDS 
although it has a shorter separation between the adenine and phosphorus 
than dideoxy-AMP and dAMP. By using pre-steady state kinetic methods, we 
examined the incorporation of the diphosphate of PMPA, 
2 ' , 3 ' -dideoxy adenosine 5 • -triphosphate (ddATP) , and dATP catalyzed by 
wild- type human immunodeficiency virus type 1 (HIV-1) reverse 
transcriptase, an exonuclease-def icient T7 DNA polymerase ( 
T7 exo-) , and wild-type rat DNA polymerase beta in order to 
evaluate the selectivity of PMPA as an antiviral inhibitor. With a DNA/ DNA 
or DNA/RNA 2 2/43 -mer duplex, the diphosphate of PMPA (PMPApp) is as 
effective as ddATP in reactions catalyzed by HIV-1 reverse transcriptase in 
that both analogs have similar substrate specificity constants 
(kp/Kd) which are only 5 -fold lower than dATP. In contrast, PMPApp is a 
much weaker inhibitor of the reaction catalyzed by T7 exo- (with the 
DNA /DNA 22/43-mer duplex) in that PMPApp has a 5 x 10 (-4) -fold lower kp/Kd 
than ddATP and dATP. The lower kp/Kd of PMPApp is due to a 1000 -2 000 -fold 
lower incorporation rate (kp) and a 35-45-fold lower binding constant (Kd) . 
Similarly, PMPApp is 800-fold less inhibitory toward polymerase beta 
with the DNA/ DNA 2 2/4 3-mer duplex, whereas in studies with a single 
nucleotide gapped DNA (22 -2 0/4 3 -mer) PMPApp is 13 -fold less inhibitory than 
ddATP. Although parallel studies will need to be performed using 
appropriate human polymerases, these results begin to define the 
mechanistic basis for the reported lower toxicity of PMPA in the treatment 
of AIDS. 
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Nucleotide analogue interference mapping (NAIM) is a general 
biochemical method that rapidly identifies the chemical groups important 
for RNA function. In principle, NAIM can be extended to any 
nucleotide that can be incorporated into an in vitro transcript by an 
RNA polymerase . Here we report the synthesis of 
5 ' -0- (1-thio) -N2-methylguanosine triphosphate (m2GalphaS) and its 
incorporation into two reverse splicing forms of the Tetrahymena group I 
intron using a mutant form of T7 RNA polymerase. This 
analogue replaces one proton of the N2 exocyclic amine with a methyl 
group, but is as stable as guanosine (G) for secondary structure formation. 
We have identified three sites of m2GalphaS interference within the 
Tetrahymena intron: G22, G212, and G303. AH three of these guanosine 
residues are known to utilize their exocyclic amino groups to participate 
in tertiary hydrogen bonds within the ribozyme structure. Unlike the 
interference pattern with the phosphorothioate of inosine (lalphaS, an 
analogue that deletes the N2 amine of G) , m2GalphaS substitution did 
not cause -interference at positions attributable to secondary structural 
stability effects. Given that the RNA minor groove is likely to be 
widely used for helix packing, m2GalphaS provides an especially valuable 
reagent to identify RNA minor groove tertiary contacts in less 
well-characterized RNAs . 
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The complete nucleotide sequence of a functional clone of the large 
polymerase (L) gene of bovine respiratory syncytial virus (BRSV) 
strain A51908 was determined by analysis of cloned cDNAs obtained from 
genomic and mRNAs . The BRSV L gene is 6573 nt in length and the derived 
polypeptide has 2162 aa. Alignment of the sequences of the BRSV L gene, and 
its encoded protein, with sequences of the L gene and protein of human 
respiratory syncytial virus strain A2 showed 77% identity at the nucleotide 
level and 84% identity at the amino acid level. By comparison,, the L gene 
and protein of avian pneumovirus showed only 5 0% identity at the nucleotide 
level and 64% identity at the amino acid level. A minigenome was 
constructed to encode a BRSV vRNA analogue containing the gene for 
chloramphenicol acetyltransf erase (CAT) under the control of putative BRSV 
transcription motifs and flanked by the BRSV genomic termini. Transfection 
of plasmids encoding the BRSV minigenome, nucleocapsid protein (N) , 
phosphoprotein (P) and L protein, each under the control of T7 
promoter, into cells infected with a vaccinia virus recombinant expressing 



\ 



the T7 RNA polymerase gave rise to CAT activity and 

progeny with the minigenome . This result indicates that the N, P and L 
proteins are necessary and sufficient for transcription and replication of 
the BRSV minigenome and are functional. Further, inclusion of small amounts 
of the M2 protein along with the N, P and L proteins greatly augmented 
minigenome transcription. 
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Studies involving ribozyme-directed inactivation of targeted RNA 
molecules have met with mixed success, making clear the importance of 
methods to measure and optimize ribozyme activity within cells. The 
interpretation of biochemical assays for determining ribozyme activity in 
the cellular environment have been complicated by recent results indicating 
that hammerhead and hairpin ribozymes can cleave RNA following 
cellular lysis. Here, we report the results of experiments in which the 
catalytic activity of hairpin ribozymes is monitored following expression 
in mammalian cells, and in which post-lysis cleavage is rigorously excluded 
through a series of biochemical and genetic controls. Following transient 
transf ection, self -processing transcripts containing active and inactive 
hairpin ribozymes together with cleavable and non-cleavable substrates were 
generated within the cytoplasm of mouse 0ST7-1 cells using T7 
RNA polymerase. Unprocessed RNA and products 

of intracellular cleavage were detected and analyzed using a 
primer-extension assay. Ribozyme -containing transcripts accumulated to a 
level of 4 x 10(4) copies per cell, and self -processing proceeded to an 
extent of >75% within cells. Cellular RNA processing was blocked by 
mutations within the ribozyme (G8A, G21U) or substrate (DeltaA-1) that, in 
vitro , eliminate cleavage without affecting substrate binding. In addition 
to self -processing activity, trans -cleavage reactions were supported by 
the ribozyme -containing product of the self -processing reaction, and by the 
ribozyme linked to the non-cleavable substrate analog. Ribozyme 
activity was present in extracts of cells expressing constructs with active 



ribozyme domains. These results provide direct biochemical evidence for the 
catalytic activity of the hairpin ribozyme in a cellular environment, and 
indicate that self -processing ribozyme transcripts may be well suited for 
cellular RNA-inactivation experiments. 
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Adenosines are present at a disproportionately high frequency within 
several RNA structural motifs. To explore the importance of 
individual adenosine functional groups for group I intron activity, we 
performed Nucleotide Analog Interference Mapping (NAIM) with a 
collection of adenosine analogues. This paper reports the synthesis, 
transcriptional incorporation, and the observed interference pattern 
throughout the Tetrahymena group I intron for eight adenosine derivatives 
tagged with an alpha-phosphorothioate linkage for use in NAIM. All of the 
analogues were accurately incorporated into the transcript as an A. 
The sites that interfere with the 3 • -exon ligation reaction of the 
Tetrahymena intron are coincident with the sites of phylogenetic 
conservation, yet the interference patterns for each analogue are 
different. These interference data provide several biochemical constraints 
that improve our understanding of the Tetrahymena ribozyme structure. For 
example, the data support an essential A-platform within the J6/6a region, 
major groove packing of the P3 and P7 helices, minor groove packing of the 
P3 and J4/5 helices, and an axial model for binding of the guanosine 
cof actor. The data also identify several essential functional groups within 
a highly conserved single-stranded region in the core of the intron (J8/7) . 
At four sites in the intron, interference was observed with 2'-fluoro A, 
but not with 2 ' -deoxy A. Based upon comparison with the P4-P6 crystal 
structure, this may provide a biochemical signature for nucleotide 
positions where the ribose sugar adopts an essential C2 ' -endo conformation. 
In other cases where there is interference with 2 ' -deoxy A, the presence or 
absence of 2*-fluoro A interference helps to establish whether the 2 ' -OH 
acts as a hydrogen bond donor or acceptor. Mapping of the Tetrahymena 
intron establishes a basis set of information that will allow these 
reagents to be used with confidence in systems that are less well 
understood . 
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The synthesis and enzymatic incorporation into RNA of the hydrogen 
bond degenerate nucleoside analogue 6- (beta-d-ribofuranosyl) -3 , 
4-dihydro-8H-pyrimido [4 , 5-c] - [1, 2] oxazin-7-one (P) is described. The 
5 • -triphosphate of this analogue is readily incorporated by T3 , 
T7 and SP6 RNA polymerases into RNA transcripts, being 

best incorporated in place of UTP, but also in place of CTP. When all the 
uridine residues in an HIV-1 TAR RNA transcript are replaced by P the 
transcript has similar characteristics to the wild-type TAR RNA, as 
demonstrated by similar melting temperatures and CD spectra. The 
P-substituted TAR transcript binds to the Tat peptide ADP-1 with only 
4 -fold lowered efficiency compared with wild-type TAR. 
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We have synthesized the analogue 2 ' -deoxy-2 1 -thio-CTP (CTP-SH) and 
tested its ability to support RNA transcription in place of CTP. The 
modified nucleotide in a transcription reaction and in the absence of CTP 
generated the appropriately sized fragment when a mutant T7 
polymerase (Y63 9F) was used. Wild- type polymerase was unable to 
generate RNA under the same conditions. Transcription was optimal 
around pH 7.5 and was dependent upon CTP-SH concentration. Transcripts 
containing the analogue were efficiently isolated using a 
thiol -activated sepharose column. Insertion of CTP-SH into the HDV 
ribozyme, replacing all cytidine residues with 2 ' -thiocytidine , appears to 
inhibit self -cleaving activity, even in the presence of manganese. The 
ability to introduce the CTP-SH analogue enzymatically into RNA 
opens the way for new structure-function studies where the 2 • -hydroxyl can 
be efficiently replaced by a thiol group. 
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We have investigated the specificity of the eukaryotic enzymatic 
machinery that transforms adenosine at position 37 (3' adjacent to 
anticodon) of several tRNAs into threonylcarbamoyladenosine (t6A37) , To 
this end, 2 8 variants of yeast initiator tRNAMet and yeast tRNAVal, devoid 
of modified nucleotide, were produced by in vitro transcription with 
T7 polymerase of the corresponding synthetic tRNA genes and 
microinj ected into the cytoplasm of Xenopus laevis oocytes. 
Threonyl carbamoyl incorporation was analyzed in tRNA transcripts mutated in 
the anticodon loop by substitution, deletion, or Insertion of nucleotides, 
or in the overall 3D structure of the tRNA by altering critical tertiary 
interactions. Specifically, we tested the effects of altering 
ribonucleotides in the anticodon loop, changes of the loop size, 
perturbations of the overall tRNA 3D structure due to mutations disruptive 
of the tertiary base pairs, and truncated tRNAs. The results indicate that, 
in addition to the targeted A37, only U36 was absolutely required. However, 
A38 in the anticodon loop considerably facilitates the quantitative 
conversion of A3 7 into t6A37 catalyzed by the enzymes present in X. laevis. 
The anticodon positions 34 and 35 were absolutely "neutral" and can accept 
any of the four canonical nucleotides A, U, C, or G. The anticodon loop 
size may vary from six to eight nucleotides, and the anticodon stem may 
have one mismatch pair of the type AxC or GxU at location 30-40 without 
affecting the efficiency of t6A37 formation and still t6A37 is efficiently 
formed. Although threonylcarbamoylation of A37 occurred with tRNA having 
limited perturbations of 3D structure, the overall L-shaped architecture of 
the tRNA substrate was required for efficient enzymatic conversion of A3 7 
to t6A37. These results favor the idea that unique enzymatic machinery 
located in the oocyte cytoplasm catalyzes the formation of t6A37 in all 
U36A3 7 -containing tRNAs (anticodon NNU) . Microinjection of the yeast 
tRNAMeti into the cytoplasm of X. laevis oocytes also revealed the 
enzymatic activities for several other nucleotide modifications, 
respectively mlGg, m2G10, m(2)2G26, m7G46, D47, m5C48/49, and mlA58. 
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Phosphorothioate (NTPalphaS) analogues were incorporated into the 
HDV genomic ribozyme by transcription with T7 polymerase. The 
introduction of a sulfur in place of the pro-Rp oxygen at the phosphate 
5' to positions A64, A63, A43, U27, G62, C61, C44, C41, C22and C21appeared 
to inhibit self -cleavage activity of the G73 genomic ribozyme. Except for 
position C22, elevated levels of Mg2+rescued the reaction to various 
extents. When the sites were identified in the RNA sequence, they 
were clustered in three distinct regions that, in the secondary structure 
models, are predicted to be primarily single-stranded. Two of these regions 
have been proposed to form extensive interactions that are thought to 
involve a homopurine base pair. The third region is thought to be directly 
associated with assembly of the cleavage site. 
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We have determined the nucleotide sequences of the regions 3' and 5' 
proximal to the avian pneumovirus (APV) N and L genes, respectively. These 
sequences were used in the construction of a synthetic minireplicon 
construct in which the chloramphenicol acetyltransf erase (CAT) reporter 
gene was flanked at its 3 ' end with the APV leader together with the APV N 
gene start signal and at its 5' end with the APV L gene end signal and the 
genome trailer region. The ability of T7 RNA polymerase 

runoff transcripts to direct the replication and expression of the CAT 
reporter gene in APV-infected cells demonstrated the ability of the 
putative leader and trailer regions to direct genome replication and gene 
expression. Furthermore, this confirms the absence of the NS1 and NS2 gene 
analogs within the APV genome. We were able to detect the expression 
of CAT protein from cells that had been infected with supernatants from the 
initially infected and transfected cells. These results have identified the 
cis -acting sequences of APV responsible for viral replication, gene 
expression, and packaging into virus-like particles. 
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We have undertaken a characterization of the CM2 protein of influenza C 
virus. The CM2 coding region of RNA segment 6 (nucleotides 731-1147) 
was cloned from two strains of influenza C virus and expressed using the 
vaccinia virus-bacteriophage T7 RNA polymerase (vac- 
T7 ) system. An antiserum raised to a C-terminal peptide in the CM2 
open reading frame recognized the CM2 protein in influenza C virus-infected 
cells and after vac-T7 expression of the CM2 open reading frame. CM 2 
is posttranslationally modified by addition of high-mannose carbohydrate 
chains (Mr approximately 18 kDa) and by further addition of 
polylactosaminoglycans (Mr approximately 21-35 kDa) . The available data 
indicate that CM2 has a cleavable signal peptide at the N-terminus of the 
protein. Site-directed mutagenesis eliminated the single potential N- linked 
carbohydrate attachment site on CM2 and indicated that the protein has an 
NoutCin orientation in membranes. Nonreducing SDS-PAGE indicated that the 



protein was expressed as disulf ide-linked dimers and tetramers. Cell 
surface biotinylation and indirect immunofluorescence showed the protein to 
be expressed at the cell surface. Elimination of the N-linked carbohydrate 
attachment site and addition of a C-terminal HA epitope tag did not 
adversely affect surface expression of CM2 . The NoutCin membrane 
orientation of CM2 , the size of the ectodomain and cytoplasmic tail of CM2 , 
and its ability to form disulfide- linked oligomers are reminiscent of the 
structural properties of influenza A virus M2 and influenza B virus NB 
proteins. Copyright 1997 Academic Press. 



5/3,AB/22 (Item 22 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09557106 97473529 PMID : 9332383 

An epitope tagged mammalian/prokaryotic expression vector with positive 
selection of cloned inserts. 

Schneider S; Georgiev O; Buchert M; Adams M T; Moelling K; Hovens C M 

Institut fur Medizinische Virologie, Universitat Zurich, Switzerland. 

Gene (NETHERLANDS) Sep 15 1997, 197 (1-2) p337-41, ISSN 
0378-1119 Journal Code: 7706761 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

A dual eukaryotic/prokaryotic expression vector has been developed which 
combines the features of positive selection for cloned inserts along with 
the production of an epitope -tagged cDNA insert by transient transfection 
in mammalian cells as well as high level induced expression in E . coli 
cells harbouring T7 RNA polymerase. This vector, pZilch, 

has two MCSs flanking a mutant E. coli phenylalanyl-tRNA synthetase gene, 
pheS, which when expressed in combination with the phenylalanine 
analog p-CI-Phe, results in termination of host cell protein 
synthesis. Cloning of inserts using unique sites in the flanking MCS 
regions results in loss of the pZilch pheS allele and hence permits growth 
of colonies harbouring recombinants on p-Cl-Phe plates. Additional features 
of the vector include an optimal Kozak consensus sequence for high level 
eukaryotic cell expression and an efficient prokaryotic translation 
initiation site in frame and downstream from the eukaryotic initiation 
site. Recombinant proteins can be produced with an N-terminal FLAG epitope 
which can be removed via a specific protease cleavage site. Flanking 
T7 and SP6 RNA polymerase promoter sites permit in vitro 

transcription and translation of cloned inserts. A derivative of the vector 
has also been constructed enabling nuclear accumulation of the tagged 
proteins via an SV40 nuclear localisation signal upstream of the 5' MCS. 
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4-Thiouridine , a photoreactive analogue of uridine, was randomly- 
incorporated into yeast tRNA(Phe) precursor molecules by transcription with 
T7 RNA polymerase and the resulting transcripts were 
converted into mature tRNA(Phe) by treatment with RNase P RNA. The 
photoreactive tRNA(Phe) was aminoacylated and bound to the P site of 
Escherichia coli 70S ribosomes in the presence of a poly(U) template. 
Irradiation of the complexes with light of 3 00 nm resulted in the covalent 
crosslinking of nt U20 in the D loop of the tRNA to protein Sll of the 30S 
ribosomal subunit, whereas nt U33 in the anticodon loop crosslinked to 
30S-subunit protein S7. These results allowed us to map the D loop of P 
site-bound tRNA to the platform of the 30S ribosomal subunit and provided 
additional information about contacts between protein S7 and the anticodon 
loop in the cleft between the platform and the subunit head. 
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A simple and efficient method for the specific and quantitative 
replacement of the naturally occurring amino acid methionine by its 
isosteric analogue telluromethionine in the expression of recombinant 
proteins has been developed. The method requires a controlable and 
competitive expression system like the bacteriophage T7 
polymerase /promoter in a methionine -auxotrophic host. Using 
methionine-auxotrophic Escherichia coli strains, incorporation of 
telluromethionine at high yields has been achieved for human recombinant 
annexin V, human mitochondrial transamidase , Arabidopsis 

glutathione-S-transf erase and the N-terminal domain of Salmonella tailspike 
adhesion protein as confirmed by amino acid, mass-spectrometric and X-ray 
analyses. Expressed and purified telluromethionine-proteins and native 
proteins were found to crystallise isomorphously . In terms of efficient 
bio-expression, isomorphism of crystals and relative abundance of 
methionine residues, the production of telluromethionine-proteins as 
heavy-atom derivatives offers a valid and general approach in X-ray 
analysis by the method of multiple isomorphous replacement. 
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A reconstituted transcription and RNA replication system for human 
parainfluenza virus type 3 (HPIV3) was developed using components expressed 
intracellularly from transfected plasmids driven by T7 RNA 
polymerase supplied by a vaccinia virus recombinant. The system is 
based on a negative- sense analog of HPIV3 genomic RNA in which 
the viral genes were deleted and replaced with that encoding bacterial 
chloramphenicol acetyl transferase (CAT) . The N, P, and L proteins 
expressed from cotransf ected plasmids were necessary and sufficient to 
direct efficient transcription and RNA replication. Transcription 
yielded subgenomic polyadenylated mRNA, which was isolated by oligo(dT) 
chromatography. RNA replication yielded a mini- ant igenome and progeny 
minigenome, which were shown to be encapsidated based on resistance to 
digestion with micrococcal nuclease. A panel of cDNAs was constructed to 
encode minigenomes which differed in length by single -nucleotide 
increments. Transcription and RNA replication in the reconstituted 
system were most efficient for the minigenome whose length was an even 
multiple of six. Both RNA replication and transcription appeared to 
be governed by the rule. However, minigenomes whose lengths were one 
nucleotide greater than or less than an even multiple of six also were very 
active, especially in RNA replication, indicating that the rule was 
not absolute. 
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Fusion proteins of a truncated mutant of myosin subf ragment-1 (Side) and 
green fluorescent protein (GFP) were expressed in vitro by T7 
RNA polymerase and rabbit reticulocyte lysate. Single SldC-GFP 
fusion proteins were clearly seen and their individual ATP turnovers were 
directly monitored using low background total internal reflection 
fluorescence microscopy (LBTIRFM) , recently developed by our laboratory. 
LBTIRFM using GFP as a fluorescent tag allowed us to assay functions of 
single protein molecules expressed in vitro. Thus, the results suggested 
that this method may be particularly useful to analyze functions of 
proteins that cannot be produced in an active form and/or in large 
quantities in conventional heterologous expression systems. 
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BACKGROUND: The mononega virus superfamily (Mononegavirales ) comprises 
three families, Rhabdoviridae, Paramyxoviridae and Filoviridae. These 
viruses possess a single stranded negative sense RNA as the genome. 
Recent success in the recovery of infectious virus from a transfected cDNA 
of mononegavi ruses including Sendai virus, a prototypic paramyxovirus, is 
opening the possibility of their genetic engineering. However, infectious 
viruses have been recovered only by initiating the infectious cycle with 
cDNA directing the synthesis of antigenomic positive sense ( + ) RNA . 
Starting with genomic negative sense ( - ) RNA has been unsuccessful. 
Furthermore, the recovery efficiency has often been extremely low. RESULTS: 
We describe here an analogous system that allows recovery of Sendai 
virus at a high rate, from cells in which the transfected cDNA and plasmids 
to support the synthesis of viral nucleocapsid protein and RNA 

polymerases are coexpressed by vaccinia virus -driven bacteriophage 
T7 polymerase . Our system was able to recover the virus from 
cDNA directing not only (+) RNA but also ( - ) RNA . Moreover, using 
this system, we succeeded in recovery of the virus by transfection of in 
vitro synthesized ( + ) RNA or ( - ) RNA . This improved virus 
recovery appeared to be accomplished by supplying the supporting plasmids 
at an optimal ratio and by minimizing the cytopathic effect of the vaccinia 
virus by specific inhibitors. In addition, it was probably critical that 
our cDNAs were constructed to generate viral authentic RNAs without adding 
T7 promoter-specific nucleotides to the 5' ends. An immediate 
application of the system was demonstrated by the creation of a candidate 
vaccine strain with a predetermined attenuating mutation in the 
cleavage-activation site of the viral fusion glycoprotein. CONCLUSION: We 
have established methods which greatly improve the recovery of Sendai virus 
from cDNA. There is essentially no absolute obstacle to recovery of the 
virus from the ( - ) RNA template. Even the complete full length 
RNA chain in the naked form appears to be properly encapsidated to 
become a functional template. 
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The interactions of several pyrrolo [2, 1-c] [1 , 4] benzodiazepine (PBD) 
antitumor antibiotics with linearized plasmid pGEM-2-N-ras DNA have been 
analyzed by quantitative in vitro transcription (QIVT) and in vitro 
transcription footprinting (IVTF) methods. A concentration-dependent 
inhibitory effect of the PBDs on transcription is observed using both 
techniques. The rank order for overall inhibition of transcription by the 
QIVT method is found to be: sibiromycin > tomaymycin > anthramycin > DC-81 
> neothramycin, whereas the IVTF experiments show a different ranking: 
sibiromycin > anthramycin > neothramycin > tomaymycin. In addition, 
stimulation of transcription was observed at low PBD concentrations in both 
the QIVT and IVTF experiments. These results demonstrate unequivocally that 
the formation of PBD - DNA adducts at AGA-5* base sequences on the 



transcribed strand results in transcription blockage for all PBDs examined. 
Furthermore, the sequence of flanking base pairs appears to influence the 
degree of blocking, with the sequences ACAGAAA-5 ' , AAAGATG-5 ■ , AGAGATA-5 ' , 
and CAAGAAC-5' providing the most pronounced blocks for all PBDs studied in 
this system. Neothramycin and tomaymycin cause additional blocks at some 
GGA-5 ' and TGA-5 1 sequences. Parallel MPE-Fe(II) footprinting studies have 
revealed PBD binding sites on both the transcribing and nontranscribing 
strands, although all transcription blocks determined from the IVTF assays 
are due to drug bound on the transcribing DNA template strand. 
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We have developed a novel photocross-linking technique using free 
8-methoxypsoralen and DNA furan-side monoadducts plus long wave ultraviolet 
light (UVA) . Both sequence-specific (Max) and nonspecific (RecA and 
T7 RNA polymerase ) DNA-binding proteins were 

cross -linked. The macroscopic equilibrium binding constant ( approximately 
10(9) M-l) and DNase I footprinting indicated that binding of Max to its 
cognate sequence (E-box) was unimpaired by 8-methoxypsoralen and that 
cross-linking occurred in normal complexes. RecA protein and T7 
RNA polymerase were cross -linked to a 12-mer DNA furan-side 
monoadduct with UVA. Cross -link yields were directly proportional to the 
UVA dose. Cross -links were stable to 8 M urea, 1-10% SDS, commonly used 
alcohols, and mild acids (5% trichloroacetic acid) . The DNA in cross-links 
was reversed with 254 nm UV (photoreversal) or with hot base 
(base-catalyzed reversal) , consistent with (2 + 2) cycloaddition via the 
4*,5'-furan of the psoralen. Comparative action spectra for DNA -DNA 
cross-linking and DNA-protein cross-linking revealed that the latter 
occurred maximally at 300 nm, while the former occurred maximally at 32 0 
nm. This 20 -nm blue shift suggested a higher potential energy surface for 
an excited psoralen participating in protein-DNA cross-linking as compared 
with DNA -DNA cross-linking. As with DNA -DNA cross - linking, DNA-protein 
cross-linking is a two-photon process. Absorption of the first photon 
formed a 4',5'-adduct with DNA, which then absorbed a second photon, 
leading to cross-linking to protein. Based on the action spectra and the 
known excited states of psoralen, it is suggested that the triplet n,pi* 
transition localized in the C-2=0 of psoralen may be involved in 
protein-psoralen photoreactions . 
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Rinderpest virus is a morbillivirus and is the causative agent of a 
widespread and important disease of cattle- The viral genome is a single 
strand of RNA in the negative sense. We have constructed plasmids 
containing cDNA copies of the 5 ' and 3 ' termini of the virus separated by a 
reporter gene and have shown that antigenome-sense RNA transcripts of 
these model genomes can be replicated, transcribed, and packaged by helper 
virus, both rinderpest virus and the related measles virus. Further, these 
genome analogs can be replicated and transcribed by viral proteins 
expressed from cDNA clones by using a recombinant vaccinia virus expressing 
T7 RNA polymerase (MVA-T7 ) . Using this latter 

system, we have rescued live rinderpest virus from a full-length cDNA copy 
of the genome of the RBOK vaccine strain. The recombinant virus appears to 
grow in tissue culture identically to the original virus. 
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A general mechanism for polymerase translocation is elaborated. The 
central feature of this mechanism is that a rapid translocational 
equilibrium is established after each cycle of nucleoside monophosphate 
incorporation such that the polymerase distributes itself by 
diffusional sliding between all accessible positions on the template with 
relative occupancy determined by relative free energy. While alternative 
models for translocation have not been fully developed, much of the 
language currently used to describe this step suggests an active mechanism 
coupled to conformational transitions in the polymerase. For example, 
a recent study of force generation by Escherichia coli RNA 
polymerase during transcription suggests that it is a mechanoenzyme 
analogous to kinesin of myosin motor proteins. While the proposed 
mechanism does not rule out conformational transitions during 
polymerase translocation, it suggests that they may be unnecessary 
and that translocation can be explained in terms of the affinity of the 
active site for nucleoside triphosphate and the relative free energies of 
the polymerase bound at different positions on the template. This 
mechanism makes specific predictions which are borne out experimentally 
with polymerases as distinct as E. coli DNAP I, phage T7 RNAP, and E. 
coli RNAP. 
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The number of synthetic UTP analogues containing methyl groups in 
different positions of the ribose moiety were tested as substrates for 
T7 RNA polymerase (T7 RNAP) . Two of these compounds 

(containing substituents in the 5 1 position) were shown to be weak 
substrates of T7 RNAP. 3'Me-UTP was neither substrate nor inhibitor 
of T7 RNAP while 2'Me-UTP was shown to terminate RNA chain 
synthesis. Conformational analysis of the analogues and parent 
nucleotide using the force-field method indicates that the allowed 
conformation of UTP during its incorporation into the growing RNA 
chain by T7 RNAP is limited to the chi angle range of 192-256 
degrees of N-type conformation. 
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A linearized template, obtained from the vector pGEM-3Zf (+) containing a 
supF gene fragment, was treated with aflatoxin Bl-8 , 9-epoxide (AFB1 
epoxide) and transcription in vitro was then studied. The template 
functions of both strands of the supF gene were similarly inhibited as 
shown by transcription with both T7 and SP6 RNA polymerases. 
This inhibition was dose -dependent and affected the elongation step more 
extensively than the initiation step. Gel electrophoretic analysis of 
RNA formed by T7 RNA polymerase indicated that 

template treated with different AFB1 epoxide doses yielded the same three 
major truncated RNA fragments. Sequence analysis showed that these 
major sites of RNA truncation occurred in the vicinity of adjacent 
guanine residues in the template. 
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Initiation of transcription occurs through a series of steps starting 
with the binding of RNA polymerase to a promoter DNA and 
formation of a closed complex. The closed complexes, then isomerize to open 
complexes. In the open complexes a portion of the promoter DNA is unwound. 
Using fluorescence spectroscopy, we have investigated in real-time the 
mechanism of unwinding of promoter DNA during the transition from closed to 
open complexes of T7 RNA polymerase. We synthesized DNA 
templates containing the fluorescent base analog 2 -aminopurine in 
place of adenine at specific positions in a T7 RNA 
polymerase promoter. We located the 2 -aminopurine residues in the 
presumed melting domain of the promoter at -1, -4, and at -6. The 
fluorescence of 2 -aminopurine increases when the DNA goes from a 
double -stranded form to a single-stranded form. By spectroscopically 
monitoring the increase in fluorescence of 2 -aminopurine in DNA-T7 
RNA polymerase complexes, we obtained kinetic and thermodynamic 
information for DNA unwinding. In the presence of the initiating nucleotide 
GTP, conformational transitions in the polymerase-promoter complex 
leading to strand opening were slower than in its absence. The rate of base 
pair disruption at -1, -6, and at -4 was also slower in the presence of GTP 
than in its absence. At 37 degrees C, base pair disruption occurred first 
at -1 followed by -6 and finally at -4. Open complex formation was 
temperature-sensitive. Temperature effects at -1, -6, and at -4 were 
consistent with this order of base pair disruption. The apparent activation 
energies (Ea) for base pair disruption around -1 and -6 were 14 kcal mol-1 
and 50 kcal mol-1, respectively, also suggesting this order of base pair 
disruption. Transcription initiation assays using G-ladder synthesis 
revealed that initiation rates were almost the same on all three templates 
containing the modified base. Unlike strand opening, we did not observe lag 
times for G-ladder synthesis. We suggest that facile base pair disruption 
at -1 is sufficient for transcription initiation. Based on these data, it 
is proposed that the polymerase makes contacts at or near -1 and -6 
resulting in untwisting of these base pairs thus creating at least two base 
pair disruption events at -1 and at -6, which are followed by bidirectional 
propagation to -4 . 
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DNA replication and transcription are affected adversely by the presence 
of bulky adducts that are generated by the covalent binding of a variety of 
metabolically activated environmental pollutants to cellular DNA. When 
these lesions are not cleared by cellular repair enzymes prior to 
replication, mutations and ultimately tumor initiation can occur. 
Transcription and DNA repair appear to be intimately connected, since 
certain adducts are more efficiently removed from the transcribed strands 
of active loci than from non-transcribed strands and other quiescent 
domains in the genome. The mechanism by which RNA polymerases deal 



with bulky adducts during DNA transcription is therefore of great interest. 
The availability of site-specifically modified and stereochemically defined 
oligodeoxyribonucleotides derived from the covalent reaction of 7r, 
8t-dihydroxy-9, lOt-epoxy- 7 , 8 , 9, 10-tetrahydrobenzo [a] pyrene (anti-BPDE) 
with guanine residues prompted us to study the efficiencies of 
transcription past these lesions using bacteriophage T7 RNA 
polymerase. We show here that T7 RNA polymerase can 

bypass such lesions in a DNA template, providing that a cytosine residue is 
incorporated opposite ant i-BPDE -modi f ied guanine. However, when an 
incorrect base (most frequently a purine) is inserted opposite the modified 
site, the RNA polymerase stalls, and the complex dissociates, 
resulting in a truncated transcript. The ability of the T7 RNA 
polymerase to discriminate between a correct and an incorrect 
inserted base and, accordingly, to continue or terminate transcription, 
might constitute an important mechanism that ensures the fidelity of 
transcription past a modified base present on the transcribed strand of the 
DNA template. 
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Previous steady state kinetic studies of the initiation of transcription 
by T7 RNA polymerase have shown that melting of the DNA 

helix near the transcription start site is not rate limiting [Maslak, M. , & 
Martin, C. T. (1993) Biochemistry 32, 4281-4285] . In the current work, 
fluorescence changes in a nucleotide analog incorporated within the 
promoter are used to monitor changes in the DNA helix associated with 
polymerase binding. The fluorescence of 2 -aminopurine has been 
previously shown to depend on the environment of the base, with 
fluorescence increasing in the transition from a double -stranded to a 
single-stranded environment [Xu, D., Evans, K.O., & Nordlund, T. M. (1994) 
Biochemistry 33, 9592-9599]. Fluorescence changes associated with 
polymerase binding to promoters incorporating 2 -aminopurine at 
positions -4 through -1 support a model which includes melting, in the 
statically bound complex, of the region of the promoter near the start 
site. Equilibrium titrations at 25 degrees C with label at position -2 
provide a thermodynamic measure of the dissociation constant (Kd = 4.8 nM) 
for promoter binding, while stopped- flow kinetic assays measure the 
apparent association (kl = 5.6 x 10(7) M-l s-1) and dissociation (k-1 = 
0.20 s-1) rate constants for simple promoter binding (the ratio k-l/kl = 
3.6 nM, in good agreement with the thermodynamic measurement of Kd) . These 
results suggest that binding is close to the diffusion-controlled limit and 
helix melting is extremely rapid. In studies of structurally altered 
promoters, a base functional group substitution at position -10 is shown to 
significantly decrease kl, with little effect on k-1. In contrast, removal 
of the nontemplate strand from position +1 downstream results in a large 
decrease in k-1, with no significant effect on kl . 
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The catabolism of branched chain amino acids, especially valine, appears 
to play an important role in furnishing building blocks for macrolide 
antibiotic biosynthesis. To determine for the first time the importance of 
valine dehydrogenase (vdh) in polyether antibiotic biosynthesis, the vdh 
gene from Streptomyces cinnamonensis has been cloned and sequenced. The 
enzyme (M(r)37,718 Da) has been produced in large amounts in an active form 
in the E. coli cytoplasm using a T7 RNA -polymerase 

expression system. Upon inactivation of the gene in S. cinnamonensis by a 
double-crossover mechanism, a hyg: :vdh mutant was isolated that, was devoid 
of vdh activity. Upon growth in chemically defined media, as well as a 
complex medium optimised for monensin production, the mutant and wild- type 
grew equally well and reached the same levels of monensin production. In 
both strains a valine transaminase activity could be detected that provides 
an alternative route for converting valine into 2-oxoisovaleric acid. The 
results show that vdh is not essential for normal growth of S. 
cinnamonensis, and its inactivation does not significantly affect normal 
levels of monensin production in this strain. 
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We describe a novel method of photo-cross -linking DNA-binding proteins to 
DNA employing psoralen as a tether. We apply this method for the 
interaction of T7 RNA polymerase to its promoter. The 
crystallographic model of T7 RNA polymerase shows a cleft 

formed by the palm, thumb, and fingers domains. It was proposed that 
template DNA binds in the cleft. Here we directly and positively identify, 
in solution, the cleft as the seat of template binding. We 
photo-cross -linked a 23 bp promoter DNA to T7 RNA 
polymerase . We then determined the masses of cross -linked tryptic 
peptides by mass spectrometry and analyzed their amino acid composition. 
The cross -linked peptides were projected on the crystal structure of 
T7 RNA polymerase . The peptides nicely decorated the 

back, front, and side wall of the cleft. In a previous work [Sastry et al . 
(1993) Biochemistry 32, 5526-5538] we used site-specific psoralen 
furan-side monoadducts for cross-linking DNAs to DNA-binding proteins. We 
cross-linked a single-stranded 12-mer oligonucleotide to T7 RNA 



polymerase . We isolated and purified a DNA cross -linked tryptic 
peptide. We then used mass spectrometry and amino acid composition analysis 
to identify the location of this peptide on the T7 RNA 
polymerase primary sequence. In the present work we have mapped this 
peptide on the 3-D structure of T7 RNA polymerase. This 
peptide maps in the fingers domain of the polymerase. On the basis of 
a comparison of the map positions of peptides that cross-linked to either 
promoter DNA or single -stranded oligo-DNA, we propose that different 
functional domains may be involved in binding of double- stranded promoter 
DNA and nonspecific single-stranded DNA. Whereas the cleft of the 
polymerase is the seat of double -stranded promoter binding, the 
fingers domain may be used by the polymerase to grab single -stranded 
DNA (or RNA ) in a nonspecific manner. Alternatively, the 
single-stranded oligo binding site may be an RNA product -binding site 
during transcription. The photochemical techniques we have developed 
[Sastry et al. {1993) Biochemistry 32, 552S-5538; this work] can be applied 
to other DNA-protein complexes to map DNA-binding domains. 
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The bacterial tetracycline-resistance determinant from TnlO encodes a 43 
kDa membrane protein, TetA, responsible for active efflux of tetracyclines. 
The tetA gene was cloned behind a T7 promoter/lac operator in a 
plasmid that provided fusion of TetA to a polyhistidine-carboxy terminal 
tail. A second plasmid provided a regulated T7 RNA 
polymerase . The specific activity of the TetA fusion protein was 
between 10-40% that of the wild-type protein as assayed by tetracycline 
resistance in cells and by transport in membrane vesicles. The fusion 
protein, overproduced approximately 3 -13 -fold, was purified by nickel 
chelation chromatography. Calculations from circular dichroism spectra of 
the purified protein solubilized in dodecylmaltoside gave an alpha-helix 
content of 54-64%, close to the 68% predicted from the amino acid sequence 
by hydropathy analysis (12 membrane -spanning helices) for the native 
protein in the membrane bilayer. Fluorescence studies showed binding 
activity of the purified protein to its substrate, the tetracycline 
analogue 13- (cyclopentylthio) -5-hydroxy-6-alpha-deoxytetracycline . 
These findings suggested that the purified protein was in a native state. 
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This paper reports the overproduction and the details of a rapid method 
to purify active sigmaS monomers from a T7 RNA polymerase 

-based protein expression system. This 2 -day procedure involves 

solubilizing inclusion bodies in sarkosyl detergent, removal of sarkosyl by 

dialysis, and a single gel filtration column chromatography step. The final 

yield of sigmaS is about 9 mg of approximately 92% purity from 0.5 g of wet 

weight cells. Overproduced sigmaS binds to core RNA polymerase 

and supports transcription from the bolApl promoter, a sigmaS -dependent 

promoter. 
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The deoxyuridine triphosphatase gene of vaccinia virus, encoded by the 
open reading frame F2L, was cloned into Escherichia coli and expressed 
under the control of a bacteriophage T7 promoter. After induction of 
T7 RNA polymerase by isopropyl beta-D- thiogalactopyranosi 

de, a 16.5-kDa peptide accumulated to high levels. This 16.5-kDa protein 
was purified to homogeneity and characterized. Gel filtration of the 
purified protein revealed a trimeric native structure. Biochemical analysis 
revealed the enzyme to be a metalloenzyme ; enzymatic activity is inhibited 
by EDTA. This inhibition was reversed by the addition of Mg2+, Mn2 + , or 
Zn2+. While the enzyme activity was highly specific for dUTP with an 
apparent Km of 0.94 microM, inhibition studies show that 8-azido-ATP acted 
as a competitive inhibitor of dUTP with a Ki of approximately 173 microM. 
Also, protection studies demonstrated that nucleotide competitors inhibit 
photoincorporation of the photoaf f inity analogues [gamma-32P] 5-azido- 
dUTP and [gamma - 32 P] 8-azido-ATP . This suggests that while catalytic 
activity is limited to dUTP, other nucleotides can bind the active site. 



5/3,AB/42 (Item 42 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09020458 96374490 PMID: 8780781 

Efficient inhibition of transcription elongation in vitro by 
oligonucleotide phosphoramidates targeted to proviral HIV DNA. 

Giovannangeli C; Perrouault L; Escude C; Gryaznov S; Helene C 

Laboratoire de Biophysique Museum National d'Histoire Naturelle, INSERM 
U.201-CNRS URA 481, Paris, France. 

Journal of molecular biology (ENGLAND) Aug 23 1996, 261 (3) 
p386-98, ISSN 0022-2836 Journal Code: 2985088R 

Document type: Journal Article 

Languages : ENGLISH 



Main Citation Owner: NLM 
Record type : Completed 

Triplex- forming oligophosphoramidates containing thymines and cytosines 
or 5-methyl cytosines (5' T4CT4C6T 3') bind strongly to a 16 basepair 
oligopurine . oligopyrimidine sequence of HIV proviral DNA even at neutral 
pH. These triple-helical complexes formed with oligonucleotide 
analogues with N3'-->P5' phosphoramidate linkages are remarkably 
stable compared to oligonucleotides with natural phosphodiester linkages. 
In transcription assays the (T, C) -containing phosphoramidate oligomers 
induce an efficient arrest of both bacteriophage and eukaryotic 
transcriptional machineries under conditions where the isosequential 
phosphodiesters have no inhibitory effect. In both cases the RNA 
polymerase (SP6 , T7 or Pol II) is physically blocked by the 
non-covalent triplex and RNA synthesis is stopped at the triplex 
site. However the eukaryotic transcription machinery is blocked more 
efficiently (at submicromolar concentration) than the bacteriophage 
polymerases. The analysis of the 3 1 -ends of the truncated transcripts 
provides evidence for differences in the termination patterns induced by 
the triplex barrier for the bacteriophage and the eukaryotic systems. This 
in vitro comparative study provides the basis for the rational design of 
strong transcriptional inhibitors. The efficient in vitro inhibition 
obtained using the phosphoramidate oligomers in the eukaryotic 
transcription assay makes them good candidates for the development of 
sequence-specific antigene agents. 
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A large variety of different RNA species that are replicated by 
DNA- dependent RNA polymerase from bacteriophage T7 have 

been generated by incubating high concentrations of this enzyme with 
substrate for extended time periods. The products differed from sample to 
sample in molecular weight and sequence, their chain lengths ranging from 
60 to 120. The mechanism of autocatalytic amplification of RNA by 
T7 RNA polymerase proved to be analogous to that 
observed with viral RNA-dependent RNA polymerases (replicases) : 
only single -stranded templates are accepted and complementary replica 
strands are synthesized. With enzyme in excess, exponential growth was 
observed; linear growth resulted when the enzyme was saturated by RNA 
template. The plus strands, present at 90% of the replicating RNA 
species, were found to have GG residues at both termini. Consensus 
sequences were not found among the sequences of the replicating RNA 
species. The secondary structures of all species sequenced turned out to be 
hairpins. The RNA species were specifically replicated by T7 
RNA polymerase; they were not accepted as templates by the 
RNA polymerases from Escherichia coli or bacteriophage SP6 or by 
Qbeta replicase; T3 RNA polymerase was partially active. 
Template -free production of RNA was completely suppressed by addition 
of DNA to the incubation mixture. When both DNA and RNA templates 
were present, transcription and replication competed, but T7 
RNA polymerase preferred DNA as a template. No replicating 
RNA species were detected in vivo in cells expressing T7 



RNA polymerase . 
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We report the use of novel non-polar nucleoside analogues as 
terminators of enzymatic RNA and DNA synthesis. Standard 'runoff 
RNA synthesis by T7 RNA polymerase gives RNA 

products which have ragged ends as a result of transcription which often 
extends beyond the end of the template DNA strand. Similarly, the Klenow 
fragment of Escherichia coli DNA polymerase I tends to run past the 
end of the template strand during DNA synthesis. We report here that 
certain non-hydrogen-bonding nucleoside analogues, when placed at the 
downstream 5' -end of a template DNA strand, cause the polymerases to stop 
more abruptly at the last coding nucleotide. This results in a considerably 
more homogeneous oligonucleotide being produced. Three novel nucleosides 
are tested as potential terminators: 4-methylindole beta-deoxynucleoside 
(M) , l-naphthyl alpha -deoxynucleoside (N) and 1-pyrenyl 

alpha -deoxynucleoside (P) . Comparison is made to an abasic nucleoside (phi) 
and to unterminated synthesis. Of these, M is found to be the most 
efficient at terminating transcription, and both P and M are highly 
effective at terminating DNA synthesis. It is also found that the ability 
of a nucleoside to stall synthesis when it is internally placed in the 
template strand is not necessarily a good predictor of terminating ability 
at the end of a template. Such terminator nucleosides may be useful in the 
preparative enzymatic synthesis of RNA and DNA, rendering 
purification simpler and lowering the cost of synthesis by preventing the 
uptake of potentially costly nucleotides into unwanted products. 
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Primer extension assays using recombinant templates constructed to 
contain all 256 possible base quartets in a minimum length sequence were 
used to examine binding of the anticancer drug actinomycin D to 
single-stranded DNA. Single-stranded templates were generated by digestion 
of linearized plasmid with the double-strand-specific T7 gene 6 



exonuclease. Actinomycin D formed high-affinity, kinetically stable 
complexes that paused primer elongation at specific sites by HIV-1 reverse 
transcriptase, Sequenase {modified T4 DNA polymerase) , the Klenow 
fragment of Escherichia coli DNA polymerase, and Vent (exo-) DNA 
polymerase . Pauses occurred most commonly near G+C-rich nucleotide 
clusters, including GpC steps, the preferred sites of double- stranded DNA 
binding. Complexes were stable for several minutes at temperatures over 50 
degrees C as determined by their abilities to pause Vent polymerase 
at elevated temperatures. Significant variations were noted in pause 
patterns of different polymerases, demonstrating differential responses of 
polymerases to a bound actinomycin. Covalent adducts formed on template DNA 
by a photoaf f inity analog of actinomycin D completely stopped primer 
extension. These results support the possibility that actinomycin D 
inhibits transcription elongation by complexing single -stranded DNA in the 
open transcription complex. Single-stranded DNA binding by actinomycin D or 
analogs may also provide routes for combating HIV or other viruses 
which replicate through single-stranded intermediates. 
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T7 RNA polymerase recognizes a relatively small 
promoter extending only 17 base pairs upstream from the start site for 
transcription. A model for this recognition suggests that the enzyme 
interacts with the major groove of duplex DNA in the region centered at 
position -9 [Muller, D.K., et al . (1989) Biochemistry 28, 3306-3313], and 
recent kinetic analyses of promoters containing base analogs at 
positions -10 and -11 have provided support for this model [Schick, C, & 
Martin, C.T. (1993) Biochemistry 32, 4275-4280; Schick, C, & Martin, C.T. 
(1995) Biochemistry 34, 666-672] . In the current work, we extend this 
analysis across the proposed major groove, identifying specific base 
functional group contacts at positions -9 through -5. Specifically, the 
6-carbonyl of guanine at positions -9 and -7, the 6 -amino group of adenine 
at position -8, the 5 -methyl group of thymine at position -6 and the 
2 -amino group of guanine at position -5 are identified as primary contacts. 
The results strongly support the model for duplex recognition in this 
region of the promoter and suggest that recognition continues along one 
face of the helix beyond the major groove and into the adjoining minor 
groove at position -5, where helix melting begins. 
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Dihydrouracil (DHU) is a major base damage product formed from cytosine 
following exposure of DNA to ionizing radiation under anoxic conditions. To 
gain insight into the DNA lesion structural requirements for RNA 
polymerase arrest or bypass at various DNA damages located on the 
transcribed strand during elongation, DHU was placed onto 
promoter-containing DNA templates 2 0 nucleotides downstream from the 
transcription start site. In vitro, single-round transcription experiments 
carried out with SP6 and T7 RNA polymerases revealed that 
following a brief pause at the DHU site, both enzymes efficiently bypass 
this lesion with subsequent rapid generation of full-length runoff 
transcripts. Direct sequence analysis of these transcripts indicated that 
both RNA polymerases insert primarily adenine opposite to the DHU 
site, resulting in a G-to-A transition mutation in the lesion bypass 
product. Such bypass and insertion events at DHU sites (or other types of 
DNA damages) , if they occur in vivo, have a number - of important 
implications for both the repair of such lesions and the DNA damage -induced 
production of mutant proteins at the level of transcription 
(transcriptional mutagenesis) . 
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Enzymatic incorporation of 2 1 , 3 * -dideoxynucleotides into DNA results in 
chain termination. We report that 3 ' -esterif ied 2 ' -deoxynucleoside 
5 ■ -triphosphates (dNTPs) are false chain-terminator substrates since DNA 
polymerases, including human immunodeficiency virus reverse transcriptase, 
can incorporate them into DNA and, subsequently, use this new 3 • end to 
insert the next correctly paired dNTP. Likewise, a DNA substrate with a 
primer chemically esterif ied at the 3 • position can be extended efficiently 
upon incubation with dNTPs and T7 DNA polymerase lacking 
3'-to-5' exonuclease activity. This enzyme is also able to use dTTP-bearing 
reporter groups in the 3' position conjugated through amide or thiourea 
bonds and cleave them to restore a DNA chain terminated by an amino group 
at the 3' end. Hence, a number of DNA polymerases exhibit wide catalytic 
versatility at the 3' end of the nascent DNA strand. As part of the 
polymerization mechanism, these capabilities extend the number of enzymatic 
activities associated with these enzymes and also the study of interactions 
between DNA polymerases and nucleotide analogues. 
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tRNAPhe transcribed in a T7 RNA polymerase system has 
been modified in such a way that 4-thiouridines have randomly replaced 
unmodified uridines. These 4-thiouridines serve as sites for conjugation of 
the cleavage reagent 5-iodoacetamido-l , 10-phenanthroline (IOP) . 
1, 10-Phenantholine, when complexed with Cu2+ in a reducing environment, 
causes hydrolysis of nearby nucleic acids. We show here that 
tRNA-phenanthroline (tRNA-OP) conjugates, when bound in situ to the P- and 
E-sites of 70 S ribosomes, cause cleavage, mainly in domains I, III and V 
of 2 3 S ribosomal RNA (rRNA) . The cleavage sites in domain V 
predominantly occur very close to or in the peptidyl -transferase region. 
The regions of domain I and III that are cleaved are apparently folded in 
the 50 S ribosomal subunit so as to be proximal to the peptidyl -transferase 
center. Most of the cleavage events occur whether the tRNA-OP conjugate is 
bound to ribosomes alone, or yeast tRNA is also present in the P/P hybrid 
state. Cleavages that occur only in the absence of yeast tRNA are limited 
to the 1100 region of domain II, and the 2800 region of domain VI. 
Cleavages that occur only in the presence of yeast occur in the 217 0 region 
of domain V. The regions of 23 S rRNA in which tRNA-OP induced cleavage 
occur complement those sites shown by chemical protection and cross -liking 
to be in a close proximity to the tRNA. However, the cleavage approach 
allows a more versatile and expanded view of the near neighborhood of rRNA 
surrounding the tRNA. These results provide considerable information which 
will allow a more detailed modeling of the tertiary structure of the 50 S 
ribosomal subunit. 
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A bacterial strain overproducing human prothymosin alpha was constructed 
based on the efficient T7 RNA polymerase transcription of 

human prothymosin alpha cDNA. The highest yield of the human prothymosin 
alpha, up to 30% of the total bacterial protein, was achieved with 
constructions containing 6-10 nucleotides between the Shine-Dalgarno 
sequence and initiation ATG codon. Unexpectedly, cells grown in the 
presence of inducer of T7 RNA polymerase synthesis 

produced substantially lower levels of prothymosin alpha than those grown 
in the absence of inducer. A simple procedure for prothymosin alpha 
isolation was elaborated, resulting in large amounts of electrophoretically 
pure and immunoactive protein. 
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RNA replication by respiratory syncytial virus (RSV) is directed by 
the N, P, and L proteins; transcription also occurs under these conditions 
but requires RSV superinfection for efficient synthesis of full-length 
mRNA. 
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Previously, a cDNA was constructed so that transcription by T7 
RNA polymerase yielded a approximately 1-kb negative- sense 
analog of genomic RNA of human respiratory syncytial virus 
(RSV) containing the gene for chloramphenicol acetyltransf erase (CAT) under 
the control of putative RSV transcription motifs and flanked by the RSV 
genomic termini. When transfected into RSV-infected cells, this minigenome 
was "rescued, " as evidenced by high levels of CAT expression and the 
production of transmissible particles which propagated and expressed high 
levels of CAT expression during serial passage (P.L. Collins, M . A. Mink, 
and D. S. Stec, Proc . Natl. Acad. Sci. USA, 88:9663-9667, 1991). Here, this 
cDNA, together with a second one designed to yield an exact -copy 
positive -sense RSV-CAT RNA antigenome, were each modified to contain 
a self -cleaving hammerhead ribozyme for the generation of a nearly exact 3 1 
end. Each cDNA was transfected into cells infected with a vaccinia virus 
recombinant expressing T7 RNA polymerase, together with 

plasmids encoding the RSV N, P, and L proteins, each under the control of a 
T7 promoter. When the plasmid-supplied template was the 
mini -antigenome, the minigenome was produced. When the plasmid-supplied 
template was the minigenome, the products were mini -antigenome , subgenomic 
polyadenylated mRNA and progeny minigenome. Identification of progeny 
minigenome made from the plasmid-supplied minigenome template indicates 
that the full RSV RNA replication cycle occurred. RNA synthesis 
required all three RSV proteins, N, P, and L, and was ablated completely by 
the substitution of Asn for Asp at position 989 in the L protein. Thus, the 
N, P, and L proteins were sufficient for the synthesis of correct 
minigenome and antigenome, but this was not the case for subgenomic mRNA, 
indicating that the requirements for RNA replication and 
transcription are not identical. Complementation with N, P, and L alone 
yielded an mRNA pattern containing a large fraction of molecules of 
incomplete, heterogeneous size. In contrast, complementation with RSV 
(supplying all of the RSV gene products) yielded a single discrete mRNA 
band. Superinfection with RSV of cells staging N/P/L-based RNA 
synthesis yielded the single discrete mRNA species. Some additional factor 
supplied by RSV superinfection appeared to be involved in transcription, 
the most obvious possibility being one or more additional RSV gene 
products . 
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Feline calicivirus (FCV) is a positive-strand, nonenveloped RNA 
virus in the family Caliciviridae. A cDNA library of the Urbana (URB) 
strain of FCV was generated and the sequence of the genome was determined 
from overlapping clones except for 13 bases from the 5' -end. The 5 ' -end 
sequence was identified by analysis of clones derived by RT-PCR across the 
ligated 5'- and 3 ' -ends of the RNA genome. A full-length cDNA clone 
of the RNA genome of the URB strain was constructed and placed 
downstream of the T7 RNA polymerase promoter and 
RNA transcripts generated in vitro from this clone were infectious 
when introduced into feline kidney cells. A virus-encoded genome -linked 
protein, VpG, which is considered to be essential for infectivity of 
wild-type genomic FCV RNA, was not required for the initiation of FCV 
infection by the synthetic transcripts. However, the addition of a cap 
structure analog (m7G (5 ' ) ppp (5 1 ) G) during in vitro transcription of 
the synthetic RNA was necessary for successful virus recovery. Two 
silent mutations engineered into the full-length clone were identified in 
the genomic RNA from recovered progeny virus. This system of 
introducing site-specific genetic changes into the genome of feline 
calicivirus and the recovery of infectious mutant viruses will enable 
studies related to the molecular basis for replication, growth restriction, 
and pathogenicity of this and other members of the Caliciviridae, 
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We report a modified synthesis for 5-mercapto-UTP (5-SH-UTP) and its use 
for analysis of protein-RNA interactions utilizing Escherichia coli 
and T7 RNA polymerases and yeast RNA polymerases I and 

III. 5-SH-UTP did not affect transcriptional pausing, Rho- independent 
termination or recognition of the E. coli transcription complex by NusA. 
RNA containing 5-SH-UMP did not crosslink to polymerase when 
irradiation was 302 or 337 nm. Transcription complexes containing RNA 
substituted with 5-SH-UMP were post- transcriptionally modified to attach a 
photocross- linking group to thiol -tagged nucleotides in the RNA on 
the surface of the polymerase of free in solution. The pKa for 
5-SH-UTP was determined to be 5.6, so modification of the thiol groups in 
the RNA with p-azidophenacyl bromide could be carried out at pH 7. 
Addition of the transcription termination factor Rho, a RNA binding 
protein, to E. coli transcription complexes resulted in RNA 
crosslinking to Rho and to the beta and beta' subunits of polymerase 
Using 5-SH-UTP, one can distinguish RNA binding domains on the 



surface of RNA polymerases or other- RNA binding proteins from 
those buried within the protein. 
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In vitro transcription close to the melting point of DNA: analysis of 
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The interaction of DNA dependent RNA polymerase of the 
extreme thermophile bacteria Thermotoga maritima with a promoter bearing 
DNA fragment was investigated in the temperature range from 2 0 to 85 
degrees C. We show that the T. maritima RNA polymerase 

recognizes and utilizes the Escherichia coli T7 Al promoter with an 
efficiency similar to that of the E. coli polymerase. We have 
investigated the interaction of both polymerases with the same promoter 
over a wide range of temperatures using hydroxyl radical foot -printing and 
osmium tetroxide probing. This study revealed that the T. maritima 
polymerase goes through a series of isomerisation events very similar 
to the E. coli polymerase, i.e. the closed, intermediate and open 
complexes, but the transitions themselves occur at radically different 
temperatures. This indicates that conformational changes in the DNA that 
accompany initiation of transcription such as promoter melting are 
determined by the polymerase rather than the DNA sequence. 
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We have examined the interaction between NusA and the nascent RNA 
in Escherichia coli transcription complexes on four different templates. 
Photocrosslinking CTP and UTP analogs were incorporated internally 
and at the 3' end of the RNA. Identical templates with and without 
boxA sequences were compared. We found that NusA did not contact the ten 
nucleotides nearest to the 3 1 end of the RNA in complexes containing 
RNA up to 20 nucleotides long. Longer RNA did crosslink to NusA 
with all four templates examined, however. We reported that RNA 80 
nucleotides long from the bacteriophage T7 Al promoter substituted in 
two RNA stem- loops with photocrosslinking UMP analogs did not 
crosslink to NusA, even though interaction between NusA and the 
transcription complex were demonstrated. Here, we report that when this 



same RNA is substituted at CMP residues, it does crosslink to NusA. 
Templates containing the E. coli ribosomal RNA promoter rrnG P2, with 
and without a boxA sequence downstream, were compared. Long RNAs from both 
crosslinked to NusA, and thus boxA RNA sequences are not required for 
interaction with NusA. NusA did not interact with the free RNA 
containing boxA once released from the transcription complex, nor did it 
interact with RNA in a binary complex containing only RNA 
polymerase and RNA, without the DNA template. 
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We describe the complete chemical synthesis of a ribozyme that catalyzes 
template-directed oligonucleotide ligation. The specific activity of the 
synthetic ribozyme is nearly identical to that of the same enzyme generated 
by in vitro transcription with T7 RNA polymerase. The 
ribozyme is derived from a group I intron and consists of three RNA 
fragments of 36, 43, and 59 nt that self -assemble to form a catalytically 
active complex. We have site -specifically substituted ribonucleotide 
analogs into this enzyme and have identified two 2 ' -hydroxyl groups 
that are required for full catalytic activity. In contrast, neither the 
2 • -hydroxyl nor the exocyclic amino group of the conserved guanosine in the 
guanosine binding site is necessary for catalysis. By allowing the ribozyme 
to be modified as easily as its substrates, this synthetic ribozyme system 
should be useful for testing specific hypotheses concerning 
ribozyme -substrate interactions and tertiary interactions within the 
ribozyme . 
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The T7, T3, and SP6 RNA polymerases represent a highly 
homologous family of enzymes that recognize similarly homologous promoter 
DNA sequences. Despite these similarities, the enzymes are highly specific 
for their respective promoters. Studies of mutant RNA polymerases 
have linked a specific amino acid residue in the protein to recognition of 
bases at positions -11 and -10 in the promoter [Raskin, C. A., et al . 



(1992) J. Mol. Biol. 228, 506-515]. In kinetic analyses of transcription 
from synthetic promoters containing base-analog substitutions, we 

have recently shown that at positions -11 and -10 of the T3 promoter, T3 
RNA polymerase recognizes functional groups along the 
nontemplate strand wall of the major groove [Schick, C, & Martin, C. T. 

(1993) Biochemistry 32, 4275-4780]. We now extend these studies to the 
homologous region of the T7 promoter. The results confirm 
extrapolations from the T3 system and show that T7 RNA 
polymerase recognizes corresponding functional groups at positions 

-11 and -10 of the T7 promoter. The results are consistent with a 
direct readout model for recognition of these bases [Raskin, C. A., et al. 
(1992) J. Mol. Biol., 228, 505-515], in which the 6-carbonyl and 7-imino 
groups of the nontemplate guanine at position -11 and the 6 -amino group of 
the nontemplate adenine at position -10 of the T7 promoter are 
directly involved in binding. The results further support an overall model 
for promoter recognition in which the enzyme binds to one face of the 
duplex DNA in this upstream region of the promoter. 
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The effect of triplex-forming oligonucleotides (TFO) on the transcription 
activity of T7 RNA polymerase has been investigated by an 

in vitro assay. The TFOs, either containing only phosphate (P02) or 
phosphate and phosphorothioate (POS) internucleotide linkages, were 
targeted to a 3 0 -bp homopurine. homopyrimidine (R.Y) site cloned in plasmid 
Bluescript KS+ about four helical turns downstream from the T7 
RNA promoter. Band-shift and ultraviolet absorption melting 
experiments showed that the designed pyrimidine P02 and POS TFOs form 
stable triple-helical complexes with the R.Y target duplex (the delta GTFO 
values of triplex formation vary from -42 to -63 kJ/mol) . The 
triple-helical complexes resulting from POS oligonucleotides were less 
stable (by 4-12 kJ/mol) than those obtained with P02 analogues, the 
magnitude of destabilization being dependent on the number of POS groups 
present in the third strand. The designed TFOs were shown to efficiently 
repress bacteriophage T7 RNA polymerase transcription 

under different experimental conditions. The repression depended on pH, TFO 
concentration and temperature. When the TFO/template ratio was fixed to 
10 0, a strong repressive effect was observed with normal and 
phosphorothioate pyrimidine TFOs, also under physiological conditions. In 
contrast, a purine-rich oligonucleotide containing 44% of guanine residues 
promoted only a weak transcription inhibition, even at a TFO/template ratio 
as high as 750. Both P02- and POS -containing pyrimidine TFOs produced their 
strong repressive effect on T7 RNA polymerase 

transcription even when they were added to the reaction mixture 
simultaneously with the polymerase . A mechanism of transcription 
repression is discussed. The data reported in this paper are useful for 
designing oligonucleotides acting as artificial repressors in the antigene 
strategy and indicate that the R.Y target need not to be precisely confined 
to the promoter. 



superficially, resemble translational decoding. We report here that an 
oligoribonucleotide analogue of the decoding region interacts with 
both antibiotic and RNA ligands of the 30S subunit in a manner that 
correlates with normal subunit function. The activities of the decoding 
region analogue suggest that the intimidating structural complexity 
of the ribosome can be, to some degree, circumvented. 
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Phage T7 RNA polymerase has been used extensively in 
Escherichia coli for high-level expression of selected genes placed under 
the control of the phage T7 gene 10 promoter. We have constructed an 
analogous system for use in plastids of higher plants. A T7 
RNA polymerase chimeric gene containing a cauliflower mosaic 
virus 35S promoter and a tobacco ribulose-bisphosphate 

carboxylase/oxygenase small -subunit chloroplast transit -peptide sequence 
was introduced into tobacco by nuclear transformation. Stable plastid 
transformation of tobacco expressing the T7 RNA 
polymerase activity with a T7 promoter/beta-glucuronidase (GUS) 
reporter gene construct resulted in expression of GUS mRNA and enzyme 
activity in all tissues examined. Expression of GUS activity was extremely 
high in mature leaves, moderate in young leaves and petals, and low in 
stems, roots, and developing seeds. Plastid transformation of wild-type 
tobacco with the same chimeric GUS gene resulted in undetectable levels of 
GUS mRNA and enzyme activity. Genetic crosses demonstrated that a silent 
T7 / GUS reporter gene could be activated in the Fl generation by 
transmission of an active nuclear T7 RNA polymerase gene 
from the male parent. 
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Two ternary complexes of rat DNA polymerase beta (pol beta) , a DNA 
template -primer, and dideoxycytidine triphosphate (ddCTP) have been 
determined at 2.9 A and 3.6 A resolution, respectively. ddCTP is the 



triphosphate of dideoxycytidine (ddC) , a nucleoside analog that 
targets the reverse transcriptase of human immunodeficiency virus (HIV) and 
is at present used to treat AIDS. Although crystals of the two complexes 
belong to different space groups, the structures are similar, suggesting 
that the polymerase -DNA-ddCTP interactions are not affected by 
crystal packing forces. In the pol beta active site, the attacking 3 1 -OH of 
the elongating primer, the ddCTP phosphates, and two Mg2+ ions are all 
clustered around Aspl90, Aspl92, and Asp256. Two of these residues, Aspl90 
and Asp256, are present in the amino acid sequences of all polymerases so 
far studied and are also spatially similar in the four polymerases- -the 
Klenow fragment of Escherichia coli DNA polymerase I, HIV-1 reverse 
transcriptase, T7 RNA polymerase , and rat DNA pol 

beta- -whose crystal structures are now known. A two-metal ion mechanism is 
described for the nucleotidyl transfer reaction and may apply to all 
polymerases. In the ternary complex structures analyzed, pol beta binds to 
the DNA template -primer in a different manner from that recently proposed 
for other polymerase -DNA models. 
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Recombinant expression of the human respiratory syncytial virus (RSV) 
fusion (F) glycoprotein, receptor-binding glycoprotein (G) , and small 
hydrophobic (SH) protein was performed to determine the role(s) of these 
proteins in syncytia formation. These studies used a vaccinia virus 
expressing the bacteriophage (T7) RNA polymerase gene and 
plasmid vectors containing the RSV genes under the control of a T7 
promoter. Within the context of this expression system, expression of any 
individual RSV gene, or coexpression of F+G genes, did not elicit the 
formation of syncytia. However, at plasmid input levels which were 10 -fold 
higher than those normally used, coexpression of F+G induced low but 
detectable levels of cell fusion. In contrast, coexpression of F, G, and SH 
together elicited extensive cell fusion resembling that of an authentically 
infected cell monolayer. In addition, coexpression of F and SH elicited 
significant cell fusion, although to a lesser extent than was observed when 
G was included. Cell fusion induced by coexpression of F+SH was found to be 
specific to the RSV proteins, since coexpression of SH with the 
analogous F proteins from human parainfluenza virus type 3, human 
parainfluenza virus type 2, Sendai virus, or simian virus type 5 (SV5) did 
not elicit cell fusion. Finally, coexpression of the SV5 SH protein with 
the RSV or SV5 glycoproteins also failed to induce syncytia, suggesting 
type-specific restrictions between the two sets of viral proteins. 
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The enzyme L-ornithine N5 -oxygenase catalyzes the hydroxylation of 
L-ornithine (L-Orn) , which represents an early step in the biosynthesis of 
the peptidic moiety of the fluorescent siderophore pyoverdin in Pseudomonas 
aeruginosa. A gene bank of DNA from P. aeruginosa PA01 (ATCC 15692) was 
constructed in the broad-host -range cosmid pLAFR3 and mobilized into the 
L-Orn N5-oxygenase-defective (pvdA) P. aeruginosa mutant PALS 12 4 . Screening 
for fluorescent transconjugants made it possible to identify the 
trans -complementing cosmid pPV4, which was able to restore pyoverdin 
synthesis and L-Orn N5-oxygenase activity in the pvdA mutant PALS124. The 
17 -kb PAOl DNA insert of pPV4 contained at least two genetic determinants 
involved in pyoverdin synthesis, i.e., pvdA and pvdC4 , as shown by 
complementation analysis of a set of mutants blocked in different steps of 
the pyoverdin biosynthetic pathway. Deletion analysis, subcloning, and 
transposon mutagenesis enabled us to locate the pvdA gene in a minimum DNA 
fragment of 1.7 kb flanked by two SphI restriction sites. Complementation 
of the pvdA mutation was under stringent iron control; both pyoverdin 
synthesis and L-Orn N5-oxygenase activity were undetectable in cells of the 
trans -complemented mutant which had been grown in the presence of 100 
microM FeCl3 . The entire nucleotide sequence of the pvdA gene, from which 
the primary structure of the encoded polypeptide was deduced, was 
determined. The pvdA structural gene is 1,278 bp; the cloned DNA fragment 
contains at the 5' end of the gene a putative ribosome -binding site but 
apparently lacks known promoterlike sequences. The P. aeruginosa L-Orn 
N5-oxygenase gene codes for a 426-amino-acid peptide with a predicted 
molecular mass of 47.7 kDa and an isoelectric point of 8.1. The enzyme 
shows approximately 50% homology with functional analogs, i.e., 
L-lysine N6 -hydroxylase of aerobactin-producing Escherichia coli and L-Orn 
N5-oxygenase of f err ichrome -producing Ustilago maydis. The pvdA gene was 
expressed in P. aeruginosa under the control of the T7 promoter. 
Induction of the T7 RNA polymerase system resulted in 

parallel increases of the L-Orn N5 -oxygenase activity and of the amount of 
a 47. 7 -kDa polypeptide. We also constructed a site-specific pvdA mutant by 
insertion of a tetracycline-resistance cassette in the chromosomal pvdA 
gene of P. aeruginosa PAOl. (ABSTRACT TRUNCATED AT 400 WORDS) 
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Proteins entirely expressed from cDNA were used to rescue synthetic 
RNA genome analogs into infectious defective particles of 
rabies virus (RV) . Synthetic negative -stranded RNAs containing 3'- and 
5' -terminal RV sequences and transcriptional signal sequences were 
transcribed from plasmids transfected into cells expressing T7 
RNA polymerase from recombinant vaccinia virus. After 
simultaneous expression of RV N, P, and L proteins from plasmids containing 



a T7 RNA polymerase promoter, the synthetic genomes were 
encapsidated, replicated, and transcribed by the RV polymerase 
proteins. Insertion of the bacterial chloramphenicol acetyltransf erase gene 
or beta-galactosidase (lacZ) gene between the 3' and 5' termini containing 
transcriptional signal sequences resulted in transcription of mRNAs and 
expression of chloramphenicol acetyltransf erase and beta-galactosidase, 
respectively. Upon simultaneous expression of N, P, M, G, and L proteins, 
virions carrying the foreign genes were assembled and released into the 
supernatant. The possibility of rescuing cDNA into rabies virions by 
proteins also expressed entirely from cDNA opens the possibility of 
studying the functions of each RV protein and analyzing cis-acting signals 
of the RV genome. 
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The reverse transcriptase polymerase chain reaction (PCR) is a 
technique for the study of gene expression that requires far less RNA 
for analysis than Northern blots. The inclusion of cRNA standards in the 
initial reverse transcription step is a way to control for the tube-to-tube 
variation often inherent in the technique and to permit quantitation of the 
starting amount of the native mRNA being analyzed. We describe a method 
using overlapping oligonucleotides to produce templates for the production 
of cRNA standards for up to three different mRNA species. The first step is 
the synthesis of a pair of overlapping oligonucleotides each of which 
encodes, respectively, sequences analogous to either sense or 
antisense primers for the PCR amplification of up to three different 
messages. These oligonucleotides are designed to have complementary 3' ends 
which permit spontaneous annealing and allow subsequent mutually priming 
extension of the annealed double -stranded portion by T7 DNA 
polymerase. The T7 and SP6 RNA polymerase promoters 

are then added to the ends of the template using standard PCR techniques. 
Once the template is assembled, T7 and SP6 RNA polymerases are 
used to produce copious quantities of cRNA standards and controls. This 
technique can be used to construct multiple cRNA standards for essentially 
any messages of interest. Production of cRNA by a single T7 RNA 

polymerase reaction yields standards sufficient for several thousand 
separate reverse transcriptions. 
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4-Thiouridine (s4U) , a photoreactive analog of uridine, was 
randomly incorporated into tRNA2 (fMet) precursor molecules by transcription 
with T7 RNA polymerase. The s4U-containing transcripts 
were trimmed at their 5 ' -ends with RNase P RNA to yield mature 
tRNA2 (fMet) . The photoreactive tRNA2 (fMet) derivatives were aminoacylated 
and bound to the P site of 70S ribosomes from Escherichia coli in the 
presence of a poly(A,G,U) template. Irradiation of the complexes at 300 nm 
resulted in the covalent cross-linking of tRNA2(fMet) to ribosomal proteins 
and rRNAs within both the 50S and 30S subunits. The labeled proteins were 
identified as LI, L27, and S19. 50S-subunit proteins LI and L27 were 
attached to nucleotide U17 or U17 . 1 within the D loop of tRNA2 (fMet) , 
whereas 3 0S-subunit protein S19 was cross -linked to nucleotide U47 in the 
variable loop. Both of these sites occur in or near the central fold of the 
tRNA. These results permit us to map the D loop of P site -bound tRNA to the 
region between the central protuberance and the LI ridge on the 5 OS 
ribosomal subunit, while the variable loop can be placed above the cleft on 
the head of the 30S subunit. 



5/3,AB/68 (Item 68 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

07887514 94019469 PMID: 7692268 

Mechanism of toxicity of 3 -methyladenine for bacteriophage T7 . 
Racine J F; Zhu Y; Mamet- Brat ley M D 

Departement de Biochimie, Universite de Montreal, Que., Canada. 
Mutation research (NETHERLANDS) Oct 1993, 294 (3) p285-98, 
ISSN 0027-5107 Journal Code: 0400763 
Document type: Journal Article 
Language s : ENGL I SH 
Main Citation Owner: NLM 
Record type : Completed 

Treatment of bacteriophage T7 with methyl methanesulf onate 
perturbed phage-specif ic genetic expression in both repair-proficient and 
repair-deficient Escherichia coli cells. In wild-type cells (AB1157) , the 
time course of protein synthesis was slowed down but an entire complement 
of phage proteins was synthesized. In cells (BK2114, tag-) unable to repair 
3 -methyladenine, the toxic lesion produced by methyl methanesulf onate, 
alkylated phage produced only early (class I) proteins. These results 
suggested that late transcription was inhibited in infected tag- cells. 
These cells were shown to contain a significant amount of active T7 
RNA polymerase , a class I protein. Thus, the cause of 
inhibition appeared to be the inability of T7 RNA 
polymerase to use unrepaired DNA as template. In vitro transcription 
assays with alkylated T7 DNA as template supported this proposal. 
T7 RNA polymeras e proved to be very sensitive to the 

presence of alkylation lesions. In addition, the phage enzyme was much more 
sensitive to these lesions than was its bacterial counterpart, E. coli 
RNA polymerase . These results suggest that 3 -methyladenine 
exerts its toxic action, in the T7 system, at the level of 
transcription by T7 RNA polymerase . To further 
characterize the reduced activity of the T7 enzyme, an in vitro 
transcription assay using linearized plasmid DNA with one T7 promoter 
was devised. Gel electrophoresis revealed that only one transcript of 
well-defined length was synthesized by T7 RNA polymerase 

on this template. Alkylation of the template did not alter the size of the 



transcript produced. Simultaneous measurement of chain initiation and chain 
elongation confirmed this result by showing that both steps were reduced to 
the same extent by alkylation of template DNA. Thus T7 RNA 
polymerase does not appear to be blocked by 3-methyladenine . Rather 
the lesion must hinder translocation of T7 RNA polymerase 
along the DNA template during chain elongation. 
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A human thioredoxin cDNA was modified to optimize Escherichia coli 
expression and subcloned into the plasmid pACA, a vector for T7 
RNA polymerase -directed expression. The substitution of 
structural (noncatalytic) half -cystines in human thioredoxin (hTrx) was 
made by site-directed mutagenesis. The recombinant wild-type (wt) hTrx and 
its mutant C61S, C72S, and C61S/C72S were expressed and purified to 
homogeneity. Characterization of the wt and mutant hTrx was done with 
respect to redox activity with thioredoxin reductase (TR) , tryptophan 
fluorescence, and effects of incubation with GS-Se-SG, which is believed to 
be the major metabolite of inorganic selenium compounds in mammalian 
tissues. The Km and kcat of wild-type hTrx for human placenta thioredoxin 
reductase (HP-TR) at pH 7.0 were 2.0 microM and 2800 min-1, respectively. 
The mutant proteins C61S, C72S, and C61S/C72S had Km and kcat values 
similar to those of the wt thioredoxin. Tryptophan fluorescence 
measurements showed that the wt and mutant proteins had similar stability 
to a denaturing agent. Incubation of fully reduced thioredoxin with 0.1 
molar equivalent of GS-Se-SG resulted in continued oxidation of SH groups. 
After 3.5 h only 0 . 5 of initially 4 . 6 SH groups/thioredoxin remained. With 
the oxidized protein, a pronounced lag phase in thioredoxin 
reductase -dependent insulin disulfide reduction was present. 
Disulf ide-linked dimers of the protein were present. The results clearly 
showed that noncatalytic cysteine residues in hTrx were oxidized 
accompanied by dimerization and inactivation. The activities of the mutant 
proteins C72S and C61S/C72S were unchanged after 3 h of incubation with 
GS-Se-SG. No dimer appeared of the C72S thioredoxin. (ABSTRACT TRUNCATED AT 
2 50 WORDS) 
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Phenotype conversion (PC) in Pseudomonas solanacearum is the coordinated 
change in production of extracellular polysaccharide and a variety of 
extracellular proteins, some of which contribute to virulence. Although PC 
is normally spontaneous, it is mimicked by transposon inactivation of the 
phcA locus (S. M. Brumbley and T. P. Denny, J. Bacterid . 172:5677-5685, 
1990). The DNA sequence of a 1.8-kb region from strain AW1 that contains 
phcA revealed one open reading frame that should encode a polypeptide of 
3 8.6 kDa. The PhcA protein produced in Escherichia coli by using a T7 

RNA polymerase expression system was of the predicted size. 
The deduced amino acid sequence of PhcA is similar to that of some members 
of the LysR transcriptional activator gene family, especially in the amino 
terminus, where a putative helix- turn-helix DNA-binding motif was 
identified. An analogous allele (phcAl) was cloned from the 
spontaneous PC mutant strain AW1-PC and found to be nonfunctional in 
complementation studies. When phcAl was expressed in E. coli, the PhcAl 
protein was 35.5 kDa, 3 kDa smaller than PhcA. Sequence analysis of phcAl 
and chimeric constructs of phcA and phcAl confirmed that PhcAl is truncated 
by a 2 -bp insertion 147 nucleotides upstream of the carboxyl terminus of 
PhcA. Southern blot analysis of 10 additional independently isolated PC 
mutants of strain AW1 revealed that two strains have larger insertions (0.2 
and 1.0 kb) within phcA. These results suggest that phcA encodes a 
DNA-binding protein that regulates the transcription of one or more of the 
genes involved in P. solanacearum virulence and that spontaneous PC can be 
attributed to one of several different insertions within this locus. 
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A simple system that allows expression and packaging of a foreign gene by 
human parainfluenza virus type 3 (HPIV-3) has been described. First, a cDNA 
was constructed to encode an internally deleted version of HPIV-3 genome 
RNA . The viral genes were replaced with a negative sense copy of the 
bacterial chloramphenicol acetyl transferase (CAT) reporter gene. In vitro 
run-off transcription with T7RNApolymerase synthesized 
an 870 nucleotide RNA that oolifaTned the^anti sense coding region of 
the CAT gene flanked by the transcription regulatory sequences and the 3' 
and 5' end extracistronic sequences of the HPIV-3 genome. When introduced 
into cells that are infected with HPIV-3, this RNA was amplified and 
the reporter gene was expressed, as measured by the CAT activity in the 
cell extract. Furthermore, the synthetic RNA was packaged into 
infectious virions. The addition of two extra nucleotides at the 5' end of 
the parental trailer region decreased the CAT activity by more than 90%, 
suggesting a requirement for the intact 5 ■ -regulatory domain in the viral 
replicative cycle. Interestingly, the addition of one extra nucleotide to 
the 3' end totally abolished the CAT activity indicating that an exact 3' 
terminus is critical in this process. 
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Repetitious gene cassettes that encode the consensus decapeptide repeat 
of Mytilus edulis bioadhesive protein were designed, constructed, and 
expressed in Escherichia coli. The bioadhesive precursor (BP) with a 
relative molecular mass of 25,000 was expressed from one 600-bp gene at 
levels approaching 60% of total cell protein in strains employing T7 
RNA polymerase for induction and carrying a repetitious gene 
comprised of a 3 0 -bp unit repeat that accounts for E. coli codon bias. BP 
forms intracellular inclusions and yet methionine was processed from the 
N- terminus of the purified protein, as shown by amino acid composition and 
N- terminal sequencing, to give an authentic consensus precursor protein. 
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We have substituted 5-f luorodeoxyuridine (5-FdU) in place of thymidine in 
defined positions along synthetic bacteriophage T7 promoter DNA 
sequences. None of the f luoro-substitutions in the promoter DNA sequence 
reduced transcription yields with T7 RNA polymerase 

significantly. Substitutions on the coding template strand reduced 
transcription yields when placed at +3, but not at +4. 19F-n.m.r. spectra 
from transcription reactions and gel analysis of transcription products 
show that T7 RNA polymerase correctly and efficiently 
utilizes 5-FUTP as a RNA substrate analog. The fluorine atom 
provides a sensitive probe for monitoring the local environment, base 
sequence and solvent exposure at the DNA major groove through its 
19F-n.m.r. resonance. Buffer dependencies of the fluorine chemical shift 
and digestion patterns with DNase I suggest that the T7 promoter 
base-pairs near the transcription start site are distorted with a more open 
minor groove and less solvent accessible major groove. Previous chemical 
footprinting data of promoter-polymerase complexes yield a picture 
that T7 RNA polymerase recognizes major groove features 

in the region from positions -7 to -11 and minor groove features on the 
same side of DNA flanking both sides of this region. Consistent with this, 
19F-n.m.r. observations identify two additional positions, -8 and -17, 
involved in promoter recognition on this side of the DNA helix. On the 
other hand, our observations also implicate the opposite side of the DNA 
helix, primarily at positions -14 and -15, as major groove recognition 
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A new photocrosslinking CTP analog that functioned as a substrate 
during transcription was synthesized and used to photoaf f inity label E. 
coli and bacteriophage T7 RNA polymerases. This analog, 

5- ( (4-azidophenacyl) thio) cytidine-5 ' -triphosphate (5-APAS-CTP) contains an 
aryl azide group approximately 10 A from the nucleotide base and 
specifically replaced CTP during synthesis of RNA by both 
polymerases. Analog was placed at the 3' end or internally within 
RNA . Both polymerases inefficiently incorporated two 5-APAS-CMP 
molecules sequentially, as was found for the related 5-APAS-UMP. 
Analog was placed at the 3 ' end of RNA in transcription 
complexes paused at the site of Q-modif ication of E. coli RNA 
polymerase, downstream of the lambda PR' promoter (+16) , a pause that 
requires specific DNA sequences but no apparent RNA hairpin. 
Crosslinking was examined in the presence and absence of the NusA protein, 
which enhances the transcriptional pause at this site and is required for Q 
modification of the polymerase. Crosslinking of the 3' end of the 
RNA to NusA was not observed, consistent with our earlier results 
involving a NusA-enhanced pause site downstream from an RNA hairpin. 
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The genome of human parainfluenza virus type 3 (PIV3) is a single 
negative-sense RNA strand (vRNA) that is 15,463 nucleotides in 
length. A cDNA was constructed to encode an 898 -nucleotide , internally 
deleted version of PIV3 vRNA, PIV3-CAT vRNA, in which the viral genes were 
replaced with the bacterial chloramphenicol acetyltransf erase (CAT) 
reporter gene. The CAT gene was flanked in turn by sequences representing 

(i) nontranslated sequences of the first and last genes in the PIV3 genome, 

(ii) PIV3 gene -start and gene -end sequences, which are presumed to be 
transcription signals, and (iii) 3' extracistronic (leader) and 5' 
extracistronic (trailer) terminal regions of PIV3 vRNA. A second cDNA was 
constructed to encode the exact complement of PIV3 -CAT vRNA; this 
positive-sense RNA, PIV3 -CAT vcRNA, would correspond to the predicted 
replicative intermediate of PIV3 -CAT vRNA. When synthesized in vitro by 
runoff transcription with T7 RNA polymerase and 

transfected separately into PIV3 -infected cells, both PIV3-CAT vRNA and 
vcRNA were rescued with similar efficiencies; that is, they were expressed 
to yield CAT and were packaged into particles that could be used to infect 
fresh cells. Rescue of PIV3 -CAT vRNA was strictly dependent on 
complementation by PIV3; PIV3 could not be replaced by respiratory 



sites for T7 RNA polymerase. In addition, n.m.r. spectra 

from 5 -FdU- substituted base-pairs -2 and -3, suggest either additional 
interactions on the same side of the DNA helix as -14 and -15, or 
distortions in the DNA structure. 



5/3,AB/74 (Item 74 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

07753453 93277830 PMID : 8504073 

Laser-induced protein-DNA cross-links via psoralen furanside monoadducts . 

Sastry S S; Spielmann H P; Hoang Q S; Phillips A M; Sancar A; Hearst J E 

Department of Chemistry, University of California, Berkeley. 

Biochemistry (UNITED STATES) Jun 1 1993, 32 (21) p5526-38, 
ISSN 0006-2960 Journal Code: 0370623 

Contract/Grant No.: GM 32833; GM; NIGMS; GM41911; GM; NIGMS; NIEHS 
07075-11; EH; NCEH 

Erratum in Biochemistry 1994 Feb 15;33(6) 1616 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

We have developed a technique for cross -linking DNA binding proteins to 
DNA using psoralen furanside monoadducts as photoaf f inity probes and a 
continuous -wave argon ion laser (366 nm) as a light source. Several DNA 
binding proteins (T7 RNA polymerase , UvrB, 

single -stranded DNA binding protein of Escherichia coli, T4 gp32, and RecA 
of E. coli) are shown to cross -link to single- stranded psoralen 
monoadducted DNA oligos differing in length and sequence. Increasing 
fluences of laser light on a fixed ratio of DNA/protein resulted in an 
increase in the yield of cross-links. Titration experiments were carried 
out to measure the apparent cross -linking constant (KappXL) for T7 
RNA polymerase or UvrB to a monoadducted 24 mer DNA. The 
estimated values for the apparent cross-linking constant were in the range 
of (2-3) x 10(-7) M for both T7 RNA polymerase and UvrB. 

The efficiency of cross-linking was investigated as a function of the 
length of adducted DNA and also as a fraction of the total noncovalent 
binding of proteins of psoralenated DNAs . The results showed that in the 
cases of T7 RNA polymerase and UvrB cross -linking was 

more efficient with short oligos (8 and 19 mers) as compared to longer 
oligos (50 mer) . A tryptic peptide of T7 RNA polymerase 

that was conjugated to a psoralen furanside monoadducted 12 mer DNA was 
isolated by high-performance liquid chromatography. Mass spectrometry and 
amino acid composition of this peptide revealed that it originated from a 
region between residues 558 and 608 of the primary structure of T7 
RNA polymerase. Two other peptides cross -linked to oligos were 
also purified. Repeated attempts to perform Edman sequencing of the 
peptide-DNA conjugates failed. Overall evidence indicates that 
photo-cross -linking of furanside monoadducts occurred at multiple sites on 
the proteins . We have shown that T7 RNA polymerase 

molecules in a ternary complex arrested at the furanside monoadduct can be 
cross-linked to the DNA templates with laser light. Evidence suggests that 
the arrested polymerase molecules existed in multiple conformations 
on the DNA template. This method of transcriptional cross -linking offers a 
new method for preparing highly stable elongation complexes for further 
studies . 
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In nucleotide sequencing of the cDNA of the influenza virus PB2 
polymerase gene by the dideoxy method using a modified T7 DNA 
polymerase , Sequenase, the sequence of the promoter region, 
5 ' -AGCGAAAGCAGG, was shown to be misread as 5 • -AGCGAAACGAGG, i.e., a GC 
doublet at positions 8 and 9 was read in reverse. This misreading was also 
found both when the sequence of BsmI restriction site upstream from the PB2 
promoter sequence was exchanged by that of the promoter of T7 
RNA polymerase and when the downstream region was substituted 
with the nonstructural (NS) protein gene. These results indicated that the 
misreading by Sequenase was attributed specifically to the PB2 promoter 
region, independent of the upstream and downstream sequences. The 
misreading, however, did not occur when dGTP^n^he labeling mixture was 
substituted with another nucleotide analog ;7^.TJPOFurthermore , the 
reversion did not occur in the NS geneV^omoxer region, where the 
nucleotide sequence was 5 ' -AGCAAAAGCAGG . Since the nucleotide difference 
between the PB2 and NS promoter regions was only at the fourth residue, 
i.e., G for PB2 and A for PB2 and A for NS, the G res idue followed by a 
triplet AAA in the PB2 promoter region wasrgrs^u gge"sted to be a signal 
responsible for the misreading by Sequenase' -T ^DNA\p^lymer ase . 
The findings warns of possible mi s r WadiH^^a-det^nd^n^Lg - DNA sequences, in 
addition to compression of the sequencing ladder. 
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It is now generally accepted that 16S and 2 3S ribosomal RNA play 
important roles in the decoding and peptidyl transferase activities of 
ribosomes. Despite their complex structures and numerous associated 
proteins it is possible that small domains of these rRNAs can fold and 
function autonomously, particularly those that appear devoid of protein 
interactions. One candidate for such a domain is the decoding region, 
located near the 3' end of 16S rRNA (Fig. la, b) . Consistent with this 
hypothesis, aminoglycoside antibiotics that interact with the decoding 
region in 30S subunits interact with other RNAs in the absence of proteins. 
In addition, certain activities of self -splicing introns, at least 
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ABSTRACT: The unique physiochemical properties of sulfur render it one of 
the most powerful tools for exploring the structure and function of 
nucleic acids. To exploit these properties in probing the role of the 
2 ' -hydroxy 1 group in RNA mediated processes, we have synthesized a 
series of 2 1 -mercapto-5 ' -0- (1-thio) -nucleoside triphosphates for use in 
nucleotide analogue interference mapping (NAIM) experiments. The 
2 ' -deoxy-2 ' -t-butyl disulfide protected nucleosides of cytidine, uridine, 
adenosine, and inosine were synthesized and converted to their 
alpha- thiotriphosphates in a one-pot, two step reaction. Reduction of the 
disulfide by DTT provided the alpha- thiotriphosphates . The analogues are 
substrates for the Y63 9F mutant T7 RNA polymerase, 
providing the potential to replace every 2 * -hydroxyl group with a 
mercapto group in an individual RNA. Using the Tetrahymena ribozyme 
as a model system we incorporated these nucleoside derivatives randomly 
by in vitro transcription. NAIM experiments have revealed sites of 
interference that in some cases are distinct from those arising from 
2 ■ -deoxy and 2 ' -methoxy substitution. We are currently investigating the 
molecular basis of this interference. 
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The phage SP6 RNA and T7 RNA polymerases, which are 
closely related to each other, intrinsically stop at two signals in the 
Escherichia coli rrnB terminator tl through different mechanisms. The 
downstream signal functioned without an RNA secondary structure 
formation, in which the signal was still active when separated from the 
upstream, hairpin- forming signal, and IMP incorporation enhanced its 
efficiency. The sequence from -15 to -1 was essential for the downstream, 
hairpin- independent termination (at -1) . The results of SP6 transcription 
with heteroduplex templates and ribonucleotide analogs suggested that the 
downstream signal consists of two functionally different modules. The 
effects of iodo-CMP or IMP incorporation into RNA on termination 
efficiency were not sensitive to incorporation at -9 and upstream, but they 
were reactive to incorporation at -6 and -2, as reflected by strong 
iodo-rC:dG and weak rI:dC base pairing. Thus, the downstream module (from 
-8 approximately -6 to -1) appears to facilitate the release of RNA. 
Mismatches in the templates at -6 to +1 allowed for efficient termination, 
unlike those upstream of the sequence. The upstream module (from -15 to -9 
approximately -7) functions as a duplex. Pausing of the SP6 elongation 
complex at the termination site was detected when RNA release was 



suppressed by the incorporation of 5-bromo-UMP, and it was dependent on the 
upstream module. Results of single-round SP6 transcriptions using 
3 ' -deoxynucleotides and immobilized templates indicated that RNA was 
not released from the elongation complexes halted at the termination site 
on the template variants carrying mutations in the upstream or downstream 
module, whereas such complexes on the wild type template were dissociated. 
Thus, halting or simple pausing was not sufficient for termination even 
when the downstream module was intact. The upstream module appears to 
mediate such conformation change necessary for termination. 
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Nucleotide analogue interference mapping (NAIM) is a general biochemical 
method that rapidly identifies the chemical groups important for RNA 
function. In principle, NAIM can be extended to any nucleotide that can be 
incorporated into an in vitro transcript by an RNA polymerase. 
Here we report the synthesis of 5 ' -O- (1-thio) -N2 -methylguanosine 
triphosphate (m2GalphaS) and its incorporation into two reverse splicing 
forms of the Tetrahymena group I intron using a mutant form of T7 
RNA polymerase . This analogue replaces one proton of the N2 
exocyclic amine with a methyl group, but is as stable as guanosine (G) for 
secondary structure formation. We have identified three sites of m2GalphaS 
interference within the Tetrahymena intron: G22, G212, and G303, All three 
of these guanosine residues are known to utilize their exocyclic amino 
groups to participate in tertiary hydrogen bonds within the ribozyme 
structure. Unlike the interference pattern with the phosphorothioate of 
inosine (IalphaS, an analogue that deletes the N2 amine of G) , 
m2GalphaS substitution did not cause interference at positions attributable 
to secondary structural stability effects. Given that the RNA minor 
groove is likely to be widely used for helix packing, m2GalphaS provides an 
especially valuable reagent to identify RNA minor groove tertiary 
contacts in less well-characterized RNAs. 
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During transcription of DNA templates in vitro, Escherichia coli 



RNA polymerase pauses at certain sequences before resuming 
elongation. Previous studies have established that some pausing events are 
brought about by the formation of RNA hairpin structures in the 
nascent transcript; however, it is not known whether this is an invariant 
and causal relationship. We have mapped and characterized almost 200 
distinct pause sites located within the early region of bacteriophage 
T7 DNA using a collection of T7 deletion mutant DNAs and taking 
advantage of a procedure that permits synchronous transcription from the 
T7 Al promoter. The pausing pattern is sensitive both to the overall 
concentration of nucleotide substrates and to the relative concentrations 
of the four nucleotides. The apparent Ks value for a particular nucleoside 
triphosphate can vary over a 500- fold range depending on the nucleotide 
sequence, and pausing at some sites can be induced by modest reductions in 
substrate concentrations. However, pausing is not solely a consequence of 
substrate limitation. Pausing at certain sites is caused by some feature of 
the template or of the transcript itself. Substitution of inosine 
triphosphate (ITP) for GTP during transcription strongly affects the 
pattern and strength of pausing events, suggesting that base-pairing 
interactions involving the RNA strand are important for some pausing 
events. Other pauses are determined by sequences downstream from the 
elongation site that have not yet been transcribed, and pausing at these 
sites is generally insensitive to substitution of IMP for GMP in the 
nascent transcript. Pausing at one particular site on T7 DNA is 
strongly enhanced by the presence of E. coli gene nusA protein. These 
results confirm that there are multiple classes of sites that lead to 
transcriptional pausing, and provide a collection of sites for further 
study. Using selected pause sites in the early region of T7 DNA, we 
have tried to evaluate the possible roles of primary sequence, base 
composition and secondary structure in pausing. Computer analysis was used 
to compare primary sequences and potential RNA hairpin structures in 
transcripts for pauses known to share similar biochemical properties. We 
see no correlation of pause sites with regions of particular base 
composition or with specific primary sequences. While some pauses are 
correlated with the potential to form stable RNA hairpins just 
upstream from the growing point of the RNA chain, there is not a 
strict one-to-one relationship between predicted RNA hairpins and the 
location of pause sites. (ABSTRACT TRUNCATED AT 400 WORDS) 
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syncytial virus or, unexpectedly, by a bovine strain of PIV3 . Passage was 
blocked by prior incubation with neutralizing monoclonal antibodies 
specific to the PIV3 attachment protein. Also, during nine serial passages, 
the expression of CAT by PI V3 -CAT vRNA increased more than 3, 000 -fold. 
These results indicated that the 3 1 -terminal 111 nucleotides and the 
5' -terminal 115 nucleotides of PIV3 vRNA, which are present in PIV3-CAT 
vRNA, contained all of the cis -acting RNA sequences required for 
replication, gene expression, and transmission. 
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Biogenesis of the toxin-coregulated pilus (TCP) of Vibrio cholerae 01 is 
essential for successful bacterial colonization of the small intestine. 
Pilus assembly requires the products of at least seven genes located on the 
chromosome adjacent to the pilin-encoding gene, tcpA. Previously reported 
TnphoA insertions in the TCP-assembly-deficient V. cholerae strains, KP2.21 
and KP4.2, were isolated from the chromosome for further analysis. 
Nucleotide sequencing of the tcpE::phoA and tcpF::phoA fusions and 
corresponding clones of the region containing the intact genes revealed the 
presence of two open reading frames (ORFs) of 34 0 and 33 8 amino acids, 
designated TcpE and TcpF, respectively. The partial sequence of an ORF 
downstream from the TcpF coding sequence was determined to correspond to 
the global virulence regulator, ToxT. Proteins corresponding to the 
observed ORFs were visualized with the T7 promoter/RNA 
polymerase expression system. Computer-generated alignment algorithms 
predict that a homology exists between TcpE and the Klebsiella pneumoniae 
pullulanase secretion proteins PulD and PulF, the Xanthomonas campestris 
extracellular enzyme secretion factor XpsF, the Bacillus subtilis DNA 
competence protein ComG-0RF2, and the Yersinia enterocolitica Yop secretion 
determinant YscC. These observations provide a model to investigate further 
the relationship between the secretion mechanisms utilized by these 
seemingly diverse virulence determinants. Additionally, an extreme 
C- terminal segment of TcpE shows striking homology to the transmembrane 
segment of the eukaryotic integrin beta-1 chain, which could imply a role 
for TcpE in not only TCP secretion, but also host cell interaction. 
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